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SUMMARY

This report was prepared by Hughes Helicopters, Inc. (HHI), Culver City,
California 90230, for the Applied Technology Laboratory, U. S. Army
Research and Technology Laboratories (AVRADCOM), Fort Eustis,
Virginia 23604, under Contract DAAJ02-77-C-0076.

The purpose of this program was to develop the necessary methodology for
applying fiber-reinforced composite materials to helicopter joint and attach-
ment fitting designs that permit disassembly of major components.

For this program, primary joints and fittings representative of high-
performance helicopters (the YAH-64 in particular) were selected for
evaluation. A generic design methodology approach was used to make the
data that was developed applicable to ongoing and future helicopter programs.

The objective of this program was to develop basic concepts for competitive
helicopter joints and fittings using composite materials. These materials
must be capable of being readily integrated into composite components and
1attached to other components, both compcsite and metal, such that the
weight and cost effectiveness of the advanced composite component is an
improvement over the baseline metallic component alternatives.

All detail design and fabrication aspects of the three advanced composite
joint and fitting types that were fabricated and tested during this contracted
effort are documented in this report, along with the analytical and experi-
mental results of the laminated angle bracke! study.
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INTRODUCTION

The-purpose of this design guide is to document all detail design and
fabrication aspects of three advanced composite joint and fitting types that
were investigated under the Advanced Concepts for Composite Structure
Joints and Attachment Fittings Program (Contract DAAJO2-77-C-0076).
The three joint and fitting types analyzed are:

a. Type A - Fuselage-Tailboom Joint (Figure 1)

b. Type D - Spar Box-Rib Joint (Figure 2)

c, Type K - Copilot Seat Fitting (Figure 3)

The steps involved in the design, fabrication, and testing of the three joint
and fitting types are illustrated in flowchart form in Figure 4. During the
initial screening and evaluation phase of the program, the configurations
and critical applied loads of the metal baseline joints were identified.
Design concepts, composite materials, and fabrication methods selected
according to structural efficiency, cost, and weight considerations were
incorporated into the preliminary design drawings. Preliminary hand
analyses of the joints were then carried out using conservative design
altowables obtained from the existing data base.

A small number of each joint and fitting type were fabricated for tool
proofing and subsequent testing by nondestructive methods (hammer tapping
and harmoniic analysis). E'rh joint and fitting was then tested statically,
and Types A and D were also fatigue tested. The results of these experi-
ments were compared with the analytical predictions discussed in Volume I
of this report.

A cost effectiveness stud) was carried out to relate cost and weight differ-
ences between the composite joints and their baseline metal counterparts.

Finite element modeling consisted of a NASTRAN analysis to determine N

critical interlaminar shear properties in the radius of a general angle
bracket, and NASTRAN models were prepared for each individual joint.

The experience and data gained from fabrication, testing, and modeling of
these joints were used to finalize the detail design drawings. Accessibility,
simplicity, environmental protection, weight, cost, and interchangeability
were the factors weighed most heavily.

1
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F'igure 2. Spar Box-Rib Joint



Figure 3. Copilot Seat Fitting
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Figure 4. Joint and Fitting Design Flowchart
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DESIGN PROPERTIES

The composite material allowables and angle prc [erties in this report are
given for Kevlar 49 aramid, fiber and Thornet T300 graphite fiber impreg-
nated with an epoxy resin system obtained from Applied Plastics Co., Inc.
(2434 resin/2347 hardener). These materials have been qualified to HHI

imaterial specifications.

Either the wet filament winding or hand layup technique can be used accord-
ing to HHI process specifications. The cure cycle for this resin system is:

a. 4hr at 140°F *10°F

b. 2hr at 170F :10 0 F

c. 2 hr at 250°F ±I0°F

COMPOSITE ALLOWABLES

The graphite and Kevtar composite allowables used in the design analyses
of the joints were developed during previous work using advanced composite
materials I and are reproduced in Appendix A. Laminate moduli, strength,
and other physical property values are given as a function of fiber angle for
fiber volume ratios of 0. 55 and 0. 60. The laminates are constructed of
symmetric angle plied layers of :E (alpha) orientation. Fiber, resin, and
composite input data terms are defined as:

AF (AR) Fiber (resin) coefficient of thermal expansion,
in. /in. /F

AFT Fiber transverse coefficient of thermal
expansion, in. An./* F

EF (ER) Fiber (resin) elastic modulus, psi

EFT Fiber transverse elastic modulus, psi

Goodall, R. E., ADVANCED TECHNOLOGY HELICOPTER LANDING GEAR,
Hughes Helicopters, Division of Summa Corporation; USAAMRDL Technical
Report 77-27, Eustis Directorate, U.S. Army'Air Mobility Research and
Development Laboratory, Fort Eustis, Virginia, April 1977.

19
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FCU -Fiber or composite ultimate compressive

strength, psi

FSU = Resin ultimate shear strength, psi

FTU Fiber or composite ultimate tensile strength, psi

OF = Fiber shear modulus, psi

RHO = Composite density, lb/ft3

RHOF (RHOR) = Fiber (resin) density, lb/ft 3

U F (UR) = Fiber (resin) Poisson's ratio (dimensionless)

VF (VR) = Fiber (resin) volume, percent

WF (WR) = Fiber (resin) weight, percent

Composite properties are abbreviated as follows:

ALPHA = Fiber angle, deg

AX = Coefficient of thermal expansion, X direction,

in. /in. / *F

AY Coefficient of thermal expansion, Y direction,

in. /in. /F

EX Elastic modulus, X direction, psi

EY = Elastic modulus, Y direction, psi

FXCU = Ultimate compressive strength, X direction, psi

FXTU = Ultimate tersile strength, X direction, psi

FXY = Ultimate shear strength, psi

FYCU = Ultimate compressive strength, Y direction, psi

FYTU = Ultimate tensile strength, Y direction, psi

GXY Shear modulus, psi

20



UXY = Poisson's ratio, perpendicular to X direction
(dimensionless)

UYX = Poisson's rato, perpendicular to Y direction
(dimensionles s)

Fiber orientation with respect to the longitudinal (X) and transverse(Y)
directions of the composite component is defined in Figure 5. The longi-
tudinal direction is usually aligned with the primary load path of the

component.

IX

I _____FIBER ORIENTATION.

Figure 5. Fiber Orientation

The rule of mixtures method can be used with the property tables given in
Appendix A to determine the laminate properties of any one type of fiber.
For example, in a (0/:45/90)s graphite laminate with VF = 0. 55, the longi-
tudinal (X direction) elastic modulus is

EX (laminate) Z(18.91 x 106) + 4(2. 039 x 106) + Z(9. 106 x 105)
= 8

= 5. 975 x 106 psi

I , ANGLE ALLOWABLES

The simple turn-the-corner angle design shown at the bottom of Figure 6
can be used in many cases in which composite components must be capable
of disassembly. One-inch-wide T300 graphite, Kevlar 49, E-glass, and

21
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0.02 0.04 0.06 0.08 0.10 0.12 0.24 0.16 0.18 0.20

THICKNESS T). INCH
FIBERGLASSt GRAPHITE/EPOXY9 OR TEDLAR
WASHER* 0.2 IN. D 1/2 TO 3/4 IN. OD,
TYP TWO PLACESs 1/32 TO 3/32 IN. THICK

,NAS 1103 OR EQUIVALENT
NO. 10-32 HEX HEAD BOLTS

NAS 620 OR E EUIVALENT WITH 1/4 TO 1/2 IN. GRIP;
NO. 10 PLAIN STEEL WASHER, NAS 671-10 OR EQUIVALENT
TYP TWO PLACES PLAIN HEX NUTS TO BE

TORQUED TO 26 IN.-LB

Pu 0.50

t

Figure 6. Angle Joint Allowable Loads
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S-glass angle joints with repetitions of the (0/±45/90) layup sequence were
fabricated and tested to determine their allowable ultimate strengths. Pre-
lininary results of these tests are given below:

a. The corners of thinner angles straighten out elastically for
a distance of up to two or three times their initial radii. Next
the matrix fails in delamination, and finally the fibers fracture
at ultimate load.

b. The concept of yield strength being two-thirds of ultimate
strength is not transferable from metals to composites.
Permanent set may occur anywhere from 75 percent (thin
angles) to 90 percent of ultimate strength (thicker angles).

c. Thick sections are more ductile than thin ones.

d. Allowable load versus thickness in composite angles is shown
in Figure 6 for a. eccentricity of 0. 5 inch. Composite angles
of varying eccentricity and thickness must be tested before
nomographs similar to those already well-established for'I aluminum can be developed.

23
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DRAWING PREPARATION

A number of common industry practices are used in the detail design draw-
ings to describe the composite components of the three joint and fitting types.

PLY ORIENTATION

The reference fiber orientation of a composite component is shown in Fig-
ure 7. The 0-degree direction is defined as the longitudinal, lengthwise,
or major load direction of the component.

+45 00

-450 +450

Figure 7. Fiber Orientation Reference Axis

STACKING SEQUENCE

The stacking sequence of any number of plies can be represented by giving
the orientation of each ply or group of plies, separated by slashes, braces,
and brackets according to a conventional system of notation. The stacking
sequence of Detail 5 of Joint Type K is shown in Figure 8 as an example.

A stacking sequence table such as the one shown in Table 1 can be placed
on the engineering drawing to help organize the stacking sequence and
orientation of any relatively complex composite component.

A large-scale schematic detail of the component should be provided along
with the stacking sequence table. In the cross section shown in Figure 9,
each ply is drawn and appropriately identified so that ply dropoffs can be
clearly defined. The minimum distance between ply dropoffs is 0. 2 inch. "I

The maximum thickness of each dropoff is 0. 030 inch, which is approxi-
mately equivalent to two plies of fabric.

24



0/90 1TWO PLIES OF
0/90 0/90 FABRIC

0/90 SYMMIETRIC

- 0,90 LMNTE CENTERLINE

-SYM-L 7% 1145 9[0)/2/ (4512}

- 0/90 TWO REPITINS OF
t45 (0/90)21h45 F

2V
Figure 8. Stacking Sequence

+TABLE 1. SAMPLE STACKING SEQUENCE

PL N. PLY PLY
PLY__No' ORIENTATION MATERIAL THICKNESS

P1 :t45 7 8 0.0135

P2*45 L0.0135
P3 0 j0.007

P5 0

P6 0
P7 0

P4 0 0.007

P9 :t45 0.0135

P15 0_____

P16 t45 0.0135
P17 *45 7 8 C.0335

NOTE: AND REFER TO THE GENERAL NOTES ON
THE ENGINEERING DRAWING IN QUESTION

25
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FUSELAGE-TAILBOOM JOINT (TYPE A)

Joint Type A.represents the attachment of a composite helicopter tailboom
to & forward fuselage. This tension bolt design includes steel fittings within
a giaphite/Keviar hybrid channel, which is joined to the graphite/Kevlar
hybrid skins of the sandwich structure.

The composite fuselage-tailboom joint incorporates design concepts and
manufacturing techniques to m~nimize weight and cost while efficiently
carrying ultimate loads. The final .detail design of the test panel that
incorporates this joint is shown in Figure 10.

DESIGN CRITERIA

The process of evaluating and comparing numerous design concepts and
carrying out the final detail design was controlled by the following criteria:

a. Loads - Flight condition loads transferred across the fuselage-
tailboom joint must be efficiently carried by either a tension
bolt fitting or shear splice. The tension bolt concept was chosen
to permit direct interchangeability with an existing metal

4 itailboom.

b. Accessibility - Given the tension bolt concept, the composite
tailboomn should be attached from the outside. Access holes
must therefore be provided in the skin or other integral fitting.

c. Simplicity - The wet-filament-winding/cocuring fabrication pro-
cess eliminates much time and effort normally spent in secondary
bonding or mechanical fastening of precured parts. Wet filament
winding is especially applicable to fabrication of cylindrical
structures such as tailbooms.

d. Environmental protection - Exterior helicopter components such
as fuselage-tailboom joints are designed for improved environ-
mental resistance in accordance with established HHI process
specifications. External steel parts such as the -3 fitting are
plated by various methods approved for aircraft structures. Non-
metallic external parts such as the -9 inner or -11 outer skins
are primed before they are painted according to specification.

IJ
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STRESS ANALYSIS

In the hand stress analysis of Joint Type A, the following loads and
stresses were determined:

a. Critical ultimate loads due.to crashworthiness conditions

b. Local -5 channel reaction load intensities in tension and j
compression

c. Fiber stresses in *15 ° graphite and *45
° Kevlar

d. Shear stresses between the -5 channel and the outer facesheet

e. Lamina strains

f. Honeycomb sandwich buckling and wrinkling

g. Bending of the -3 fitting

FABRICATION METHODS

Joint Type A was fabricated to simulate the methods used to fabricate a
composite tailboom, and so the inner and outer skins and the 00 plies of
the -5 channel were fabricated using the wet filament winding method. The
-5 channel was laid up manually on a male tool, using the 0° plies men-
tioned above and the ±45' Kevlar fabric, and then staged in a vacuum bag.
The channel was trimmed, assembled with honeycomb core, and cocured
with the skins. Pressure during cure was provided by hoop-wound fila-
ments (900) rather than by vacuum bag or autoclave to avoid collapsing the
mandrel. No film adhesive was used because the skins were wound with
sufficient resin to create filleting in the core. The fabrication sequence
is shown in Figure 11.

2
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Figure 1 1. Manufacturing Steps: Type A
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SPAR BOX-RIB JOINT (TYPE D)
I

The composite spar box-rib joint was designed to replace its metal equiva-
lent in a helicopter vertical stabilizer. This joint includes a rib that secures
the attach fittings and carries the shear induced by coupled applied loads
from the tail rotor. In addition, corner spar caps are cocured into the sand-
wich box structure to carry longitudinal bending loads. The detail drawing
of Joint Type D is shown in Figure 12.

DESIGN CRITERIA

i Detail design of the final concept was controlled by the following criteria:

a. Loads - Critical tension and compression loads from the tail
rotor strike condition that are applied to the fittings must be
transferred through the rib to the box structure in shear. The
rib provides stability to the metal fittings.

b. Cost - Wet filament winding was chosen as the fabrication
method to minimize the cost of the spar box structure. The
fitting design was simplified to minimize machining and
assembly costs.

c. Environmental protection - The gearbox attach fitting includes
two internal 4140 steel fittings that require a finish system
for bonding and environmental protection, and the external

SI graphite/epoxy skin of a composite vertical stabilizer spar
is primed and painted, both in accordance with approved

aircraft process specifications.

STRESS ANALYSIS

In the hand stress analysis of Joint Type D, the following were determined: -

a. Critical loads at the tail rotor gearbox attachment fittings

b. Section properties

c. Internal forces (shear flows in spar box walls and internal ribs)

d. Shear tear-out of lug through composite skins
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e. Shear between steel fitting and graphite rib

f. Rib stability

I FABRICATION METHODS

jFabrication of Joint Type D simulated the methods to be used during produc-
tion. The plies for the four -17 spar caps were wet filament wound on a
drum mandrel, cut into patterns, and laid up on a male tool. Each part
was staged under vacuum and trimmed before final assembly. The -5 inter-
nal rib was laid up with graphite fabric over a foam core and staged in a
ifemale die mold. The rib was then assembled into the spar mandrel prior
to winding of the inner skin. Honeycomb core was placed on the mandrel,
'and then the outer skin was wound. These fabrication steps are shown in
Figure 13.

I
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COPILOT SEAT FITTING (TYPE K)

The copilot seat fitting design, derived from the metal seat attachment
' ~1 fitting design, utilizes the turn-the-corner angle concept to carry (mainly)

tension loads. The final design drawing is shown in Figure 14.

DESIGN CRITERIA

Detail design of the final concept was controlled by the following criteria:

a. Configuration - The substitution of composite materials for
metals was the primary change in this design because the seat
fitting configuration and its location could not be changed sig-
nificantly. Space limitations also limited the design alternatives.

b. Loads - Interlaminar shear stress in the corner of the composite
angles due to lug pullout loads was an omnipresent factor
during the design phase.

c. Cost - Manual layup of fabric provided the most cost-effective
fabrication technique. Wet filament winding of the plies could
not be justified due to the low material requirement.Ii

d. Environmental protection - Since the copilot seat fitting is
inside the helicopter, no finish is required.

STRESS ANALYSIS 4

The composite layup scquence was determined by lug shearout stresses in
the following stress analysis procedure:

a. Critical vertical, horizontal, and lateral applied loads

b. Internal loads and bolt reactions

c. Composite tensile stresses, allowing for bolt hole concentration
factors

d. Composite angle strength (see Figure 6)

e. Lug bearing and shearout stresses

35
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I FABRICATION METHODS

Joint Type K was fabricated by laying up preimpregnated graphite fabric on
four Alurninunm blodks: these were then assembled for cocuring. ThreeI fittings were cut and trimmed from the cured assembly, and bushings were

* installed. The fabrication process is shown in Figure 15.

ISSUE PRECUT

HMATERIALS "- FABRIC

LAY UP RELEASE
PART TOOLING

VACUUM BAG AND FNISH9
AUTOCLAVE 0 MACHINE, AND
CURE INSPECT

Figure 15. Manufacturing Steps: Type K
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INSPECTION METHODS

In manufacturing these joints and fittings, as many components as possible
are cocured during a single cycle. While this method of assembly has sig-
nificant advantages from a manufacturing standpoint, it makes it impossible

to individually inspect the various components that make up an assembly.
The types of defects that can degrade the performance of composite struc-
tures are:

a. Delaminations

b. Unbonded areas

c. Porosity or voids

d. Resin-rich or resin-starved areas

e. Geometry of internal details

f. Thick bondlines

g. Position and bond of metal inserts

h. Foreign object inclusions

The importance of these defects varies with their size and location in ,rela-
tion to the size and geometry of the particular joint or fitting design in which
they occur. Assurance that the finished part has been fabricated free of
internal defects and has the proper internal geometry can only be obtained
using nondestructive inspection techniques.

These techniques include the hammer tapping method, in which a small
hammer is used to tap the surface of the composite component. The flat
sound produced by tapping over an unbonded area or void is easily detected,
even by an untrained ear, and an experienced inspector can readily determine
and mark the boundaries of the unbonded area or void. Subsequent tapping
can determine the growth of an unbonded area if it occurs.

The Shurtronics harmonic bond tester operates by physically transmitting
high-frequency vibrations into bonded materials and monitoring the
resulting acoustical re sponse with a small hand-held transducer. The
instrument is calibrated with a sample specimen of the same materials and
layup as the part un -e.r examination, with known defects built in for refer-
ence. With the instrument calibrated for a known density and thickness, a
reduction in local thirckness caused by an unbonded area or other defect
results in an amplitwde or phase change in the received signal. Liquid
coupling is not required for testing, and the probe can easily be used in
any position.
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COST/WEIGHT TRADE STUDY

The cost effectiveness of each composite fitting design was measured by
considering the individual weight reductions afforded by switching to com-
posites and the cost increments vis-a-vis the metal baseline. To differ-
entiate between cost effective and cost ineffective designs, the cost
differences and the weight reductions were plotted in Figure 16. The pop-
ulation of cost-vs-efficiency points is divided into two domains by the cost

.4 effectiveness break-even lines, with cost-effective designs residing above
and to the left of the lines. Cost-effective designs possess features that
add value (in the form of weight reduction) that more than offsets the extra
expense. The slope of the break-even line is determined by the value of
eliminating a pound of structure from a helicopter without altering its
structural performance.

~The cost of saving weight can also be portrayed by plotting part weight
versus total cost (Figure 17).

The relationship between the cost and weight of composite fittings implies
that the total cost per pound is $174 for Joint Type D, $329 for Type A,
and $593 for Type K. The $300-per-pound line is added to the graph for
comparison. ~1.2-

1.0

$300-PER-POUND BREAK-
~~ EVEN LINE

m 0.8

COST
INEFFECTIVE

DES IGNS
0.6 ,,

' 0.4

~/
0.2 A K _

-200 0 200 400

R COST DIFFERENCE, DOLLARS (EACH)

Figure 16. Break-Even Partitioning of Composite Fittings
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FINITE ELEMENT ANALYSES

ANGLE BRACKET MODEL

Finite element models C-1 and C-2 were developed to predict the inter-

laminar shear present in the radius of an angle (Figure 18). Using the
half-symmetrical C-1 model (Figure 19), variations in washer diameter,

washer distance from the bend, lamina orientation, lamina thickness,
and bend radius-to-thickness ratio can be investigated. Using the C-2
one-strip model, variations in stacking sequence can be analyzed (Figure 20).

To minimize computer costs, the analysis was conducted in two stages.
The bracket was first analyzed as a single-layer (solid laminate), multistrip

structure (C-1 model) to identify the critical strip and the corresponding
boundary conditions. In the second stage of the analysis, the critical strip
was further divided into many discrete layers (C-2 model), to represent
the actual laminated structure, and analyzed in terms of the boundary
conditions obtained from the C-I model to identify interlaminar stresses.

It is possible to conduct many parametric analyses using the C-I and C-2
models. Figure 21 shows the relationship between normalized shear stress

(defined as interlaminar shear stress Txy divided by net tension stress (0 )

and the width of the angle bracket. It should be noted that, since the inter-
laminar shear stress in composite components ranges from 1, 000 to 5, 000
pounds per square inch, the net tension stress is limited to r xy/2. 5, or

400 to 2, 000 pounds per square inch. Actual test results, however, indicate
higher allowables.

INDIVIDUAL JOINT MODELS

NASTRAN models were developed for Joint Types A, D, and K. Instead of

developing one three-dimensional model for each type, a pair of two-
dimensional models was constructed to minimize development time. The
models for Joint Types A, D, and K are shown in Figures 22 through 27.
Orthotropic plates, with appropriate mechanical properties, are used in all

instances.
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Figure 20. NASTRAN Model C-2
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FOAM FILLED CORE

SECTION B-B OF DRAWING No. 430-009 (Figure 10)

SECTION A-A OF DRAWING No. 430-009 (Figure 10)

F igure 23. NASTRAN Model of Joint Type A (Side View)
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Figure 24. NASTRAN Model of Joint Type D (Top View)
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Figure 25. NASTRAN Model of Joint Type D(SideViw
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TEST FITTING 43--010
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'
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Figure 26. NASTRAN Model of Joint Type K (Front and Side Views)
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Figure 27. NASTRAN Model of Joint Type K
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APPENDIX A

COMPOSITE MATERIAL ALLOWABLES

The graphite and Kevlar composite allowables used in the design analyses
documented in this report are given in Tables A-I through A-14. Laminate
moduli, strength, and other physical property values are given as a func-
tion of fiber angle for fiber volumes of 0.55 and 0.60. Fiber, resin, and

composite input data terms are defined as:

AF (AR) = Fiber (resin) coefficient of thermal expansion,
in. /in. /°F

AFT = Fiber transverse coefficient of thermal

expansion, in. /in. /'F

EF (ER) = Fiber (resin) elastic modulus, psi

EFT = Fiber transverse elastic modulus, psi

FCU = Fiber or composite ultimate compressive
strength, psi

FSU = Resin ultimate shear strength, psi

FTU = Fiber or composite ultimate tensile strength, psi

GF = Fiber shear modulus, psi

RHO = Composite density, lb/ft 3

RHOF (RHOR) = Fiber (resin) density, Ib/ft 3

UF (UR) = Fiber (resin) Poisson's ratio (dimensionless)

VF (VR) = Fiber (resin) volume, pe.rcent

WF (WR) = Fiber (resin) weight, percent
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Composite properties are abbreviated as follows:

ALPHA= Fiber angle, deg

AX = Coefficient of thermal expansion, X direction,
in. /in. / ° F

AY = Coefficient of thermal expansion, Y direction,
in. /in. /'F

EX = Elastic modulus, X direction, psi

EY = Elastic modulus, Y direction, psi

FXCU = Ultimate compressive strength, X direction, psi

FXTU = Ultimate tensile strength, X direction, psi

FXY = Ultimate shear strength, psi

FYCU = Ultimate compressive strength, Y direction, psi

FYTU = Ultimate tensile strength, Y direction, psi

GXY = Shear modulus, psi

UXY = Poisson's ratio, perpendicular to X direction
(dimensionless)

UYX = Poisson's ratio, perpendicular to Y direction
(dimensionless)
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TABLE A-1. GRAPHITE COMPOSITE PROPERTIES

FIBER PROPERTIES RESIN PROPERTIES COMPOSITE PROPERTIES

VF -0.5500 EF -3. 400E +07 VR - 0.4500 ER- 4.700E+05 RHO - 0. 0535
WF -0.6536 EFT - 1. 300E+C06 WR -0. 3464 AR- 4.OOOE-05 FTU - 178750. 0
RHOF - 0.0636 CF - 3. 500E + 0 RHUF- 0.0412 UR- Q.3500 FCU - 118250. 0
FT - 32000 A -2. 400E-07 FSU 8000. 0 FSU -8000. 0

UF -0.2200

FIBER PROPERTIES RESIN PROPERTIES COMPOSITE PROPERTIES

VF - 0.6000 EF - 3.40(1407 VR 0.4000 ER - 4.700E4 05 RHO -0. 0546
WF -0.6984 EFT -1. 300E +06 WVR *0,3016 AR- 4.00(1-05 FTIJ 195000.0

RHOF - 0,0636 CF -3. 500E+ 06 RHOF- 0.0412 UR- Q.3500 FCU - 129000.0
FlU - 325000,0 AF - -2. 40(1-07 FSU *8000. 0 FSU -8000.0
FCU - 215000.0 AFT - 2, 960E-06

UF 0.2288
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TABLE A-2. GRAPHITE MODULI (VF = 0.55)

ALPHA EX EY GXY
0.00 1. 891E+07 9,108E+05 5.665E+ 05
1.00 1. 890E+07 9. 107E+05 5. 717E+05
2.00 1. 886E+07 9.111E+05 5.873E+05
3.00 1.879E+07 9.119E+05 6.133E+05
4.00 1.869E+ 07 9.129E+05 6.494E+05
5,00 1. 856E+ 07 9.143E+05 6, 956E+05
6.00 1. 839E+07 9.160E+05 7,515E+05
7.00 1.819E+ 07 9.180E+05 8.170E+05
8.00 1. 795E+07 9. 204E+05 8.917E+05
9.00 1. 767E+07 9. 231E+05 9. 753E+ 05

10.00 1. 734E+07 9.263E+05 1. 067E+06
11.00 1. 697E+07 9. 299E+ T 1.167E+06
12.00 1. 655E+07 9. 339E+05 1. 275E+06
13.00 1. 609E + 07 9.385E+05 1. 389E+ 06
14.00 1. 559E + 07 9.435E+05 1, 510E+06
15.00 1. 504E+07 9.492E+05 1, 637E+06
16.00 1. 445E+07 9.555E+05 1. 769E+06
17.00 1. 33E+ 07 9. 624E + 05 1. 905E+06
18.00 1. 319E 107 9. 701E+05 2. 045E + 06
19.00 1. 253E+07 9. 786E+05 2.189E+06
20.00 1. 185E + 07 9. 880E+ 05 2. 335E+06
21. 0 1. 117E+07 9. 984E+05 2.483E+06
22.00 1. 049E+07 1. OOE+06 2.632E+06
23. 0 9. 826E 06 1. 022E+ 06 2.781E+06
24.00 9.175E+06 1. 036E+06 2. 930E + 06
25.00 8.547E+06 1. 051E+06 3.078E+06
26.00 7. 844E+ 06 1. 068E + 06 3. 224E + 06
27.00 7.371E+06 1. 087E + 06 3.388E+06
28.00 6.830E+06 1. 107E +06 3.508E+06
29.00 6.323E+06 1. 130E+06 3. 645E+ 06
30.00 5. 849E+ 06 1. 154E+06 3. 777E+06
31.00 5.410E+06 1.181E+06 3. 903E + 06
32. 0 5.004E+06 1.211E+06 4.024E+ 06
33.00 4.630E+06 1. 244E+ 06 4.139E+06
34.00 4. 286E+06 1. 281E+ 06 4. 246E+06
35.00 3.972E+06 1. 321E+06 4.346E+06
36.00 3.685E+06 1. 365E+06 4.438E+06
31.00 3.424E+06 1.414E+ 06 4.522E+06
38.00 3.187E+06 1.468E+06 4.596E+06
39.00 2. 971F +06 1.527E+06 4. 662E+ 06
40.00 2.775E+06 1. 593E+06 4.718E+06
41.00 2. 697E +06 1. 665E+ 06 4.764E+ 06
42.00 2. 436E+ 06 1.745E+06 4.800E+ 06
43.00 2. 291E+06 1. 834E+06 4. 826E + 06
44.00 2.159E+06 1. 932E+06 4.842E+06
45.00 2. 039E +06 2. 048E f06 4.847E+ 06

56

I ~ - -~---- ju' TTTT77 7
-



TABLE A-3. GRAPHITE MODULI (VF = 0. 60)

ALPHA EX EY GXY
0.00 2.059E+07 9. 451E+05 6.343E+05
L 00 2. 057E+07 9. 453E+05 6. 400E +05
2.00 2. 053E+07 9. 439E+05 6. 569E +05
3.00 2. 045E+07 9. 470E+05 6.850E+05
4.00 2, 035E+07 9. 485E+05 7.242E+05
5. 00 2. 020E +07 9. 504E+05 7. 742E +05
6,00 2. 002E 07 9. 528E+05 S. 348E+05
7.00 1.980E407 9. 556E+05 9. 058E+05
& 00 1. 954E+07 9.590E+05 9.887E+05

1 9.00 1.924E+07 9. 628E+05 Io 077E+06
10.00 1.838E+07 9.672E+05 1. 177E+06
1L 00 1.848E+07 9. 722E +05 1.205E+06
12.00 1.802E+07 9. 778E+05 L 402E+ 06
1300 1.752E+07 9. 840E+05 1.526E+06
14 00 1.698E+07 9.989E+05 1, 657E +06
15.00 1.637E+07 9. 985E+05 1.794E+06
16.00 1.573Ei07 1. 002E*06 1. 937E+06
17.00 1. 906E+07 1. 016E+06 2. 065E+0618. 00 1.435E+07 1. 026E+ 06 2. 237E +06

19.00 1.363E+07 1. 038E+06 2.392E+06
20.00 1.290E+07 1. 058E+06 2.551E +06
21.00 1216E+07 1. 063E+06 2.711E+06
22 00 1.143E+07 1. 078E+06 2.873E+06
2300 1.071E+07 1. 094E+06 3.834E+06
2400 1.001E+07 1. 112E+06 3196E+06
25,00 9. 332E+06 1. 131E+06 3,356E+06
26 00 8. 687E+06 1. 152E+06 3. 515E+06
27.00 8. 066E+06 1. 175E+06 3. 670E+06
28 00 7. 484E+06 1. 200E+06 3. 822E+06
29.00 6. 937E+06 1. 227E +06 3.970E+06
3. 00 6.427E+06 1.257E406 4.113E+06
3L 00 5. 957E +06 1,290EF06 4.250E+06
32. 0 5.514E+06 1. 326F+06 4.381E+06
33.00 5. 10E +06 1.36k +06 4.505E+06
34 00 4. 778E +06 1. 409E +06 4. 622E +06
35.00 4.398E+06 1. 456E +06 4.738E+06
36.00 4.086E+06 1..508E+06 4.830E+06
37,00 3.801E+06 1. 565E+06 4. 920E +06
38. 0 3. 542E +06 1. 627E+06 5.001E+06
39.00 3. 306E 106 1. 696E + 06 5. 072E +06
40.00 3.091E+06 1. 771E406 5. 133E +06
4L 00 2, 895E+06 1. 854E+06 5. 183E+06
42.00 2.718E+06 1.845E+06 5.222E+06
43.00 2.556E+06 2. 045E+06 5. 250E +06
44.00 2.409E+06 2. 155E+06 5.267E+06f 45.00 2.276E+06 2.276E+06 5.273E+06
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TABLE A-4 GRAPHITE STRENGTH ALLOWABLES (VF 0.55)

ALPHA FXTU FYTU FXCU FYCU FXY

0.00 178750.0 0.0 118250,0 5673.3 4408.0
1.00 178296.6 6.5 118173.7 5674.2 4676.8
2,00 176949.2 26,1 117942.9 5677.0 4968.8
3,00 174744,6 58.8 117551.5 5681.7 5286.4
4,00 171741.7 104,7 116990.0 5688.4 5631.7
5,00 168017,3 163.8 116245.3 5697.1 6007.3
6.00 183661.7 236.3 115301.9 5707.8 6415.6
7.00 158773. 6 322.3 114142. 1 5720. 7 6859,3
8,00 153454.8 422.1 112747.4 5735.9 7341.1
9,00 147806.4 535.7 111099.6 5753.5 7863,5

10.00 141924.5 663.5 109182.3 5773.6 8429.4
11.00 135898.0 805,6 106982.1 5796.4 9041.2
12,08 129806.1 962.5 104490.5 5822.2 9701.4
13,0 123718.0 1134,4 101705.1 5851.1 10412.3
14.00 117691.9 1321.7 98630,9 5883,3 11175.9
15.00 111775.8 1524.7 95281.4 5919.2 11993.7
16.00 106807.8 1744.0 91678.4 5959.1 12866.8
17.00 100417.4 1979.9 87852.4 6003.3 13796.0
18.00 95025.9 2233.0 83841.0 6052.2 14780.9
19.00 89848.3 2503.9 79688.1 6106,3 15820.9
20.00 84893.6 2793.2 75441.5 6165.9 16914,2
21.00 80166.4 3101.4 71150.6 6231.6 18058.1
22.00 75667.3 3429.3 66864.8 6304.1 19248.9
23.00 71394.2 3777.7 62630.6 6383.9 20481.8
24.00 67342.5 4147.4 58490.4 6471.8 21750.9
25.00 63505.9 4539. 2 54480. 7 6568.6 23049.1
26.00 59877.0 4954.1 50631.9 6675.1 24368.6
27.00 56447.3 5393.0 46967.4 6792.4 25700.1
28,00 53208.2 5857.2 43504.1 6921.5 27033.9
29.00 50150.4 6347,6 40252.5 7063. 7 28359.4
30.00 47264.6 6865.6 37217.8 7220.2 29665.7
41.00 44541.9 7412.5 34400.0 7392.7 30941.7
32.00 41973.1 7989.7 31795.8 7582.6 32176.2
33.00 39549.6 8598. 7 29398.5 7792.0 33358. 7
34.00 37262.9 9241.3 27199.2 8022.7 34479.0
35.00 35105.2 9919.1 25187.4 8277.1 35527.9
36.00 33068.6 10634.0 23351.6 8557.8 36497.2
37.00 31146.0 11388.1 21680.0 8867.4 37379.6
38.00 29330.5 12183.6 20160.5 9209.2 38169,.2
39.00 27615.7 13022.7 18781.1 9586.5 38861.1
40.00 25995.5 13908.0 17530.3 10003.3 39451.7

41,.00 24464,.I 14842.1 16397.0 10463.7 39937,.9
42.0O0 23016.3 15828.0 15371.0 10972..5 40317.8
43,.00 21647,.1 16868,.7 14442,.5 11534,.9 40590. 0

44.00 20351.8 17967.5 13602.,5 12156.5 40753.6
45.00 19126.0 19127.9 12842.7 12843.9 40808.2
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( TABLE A-5. GRAPHITE STRENGTH ALLOWABLES (VF = 0.60)

ALPHA FXTU FYTU FXCU FYCU FXY

0.00 195000.0 0.0 129000. 0 5902. 6 4928.4
1.00 194519.1 7.3 128917.1 5903.9 5228.6
2.00 193089.4 29.3 128666.3 5907.9 5554.8
3.00 190748.9 68.0 128240.7 5914.6 5906.8
4.00 187558.2 117.4 127629.4 5924.0 6289.6
5.00 183597.0 183.8 126617.8 5936.3 6704.9
6.00 178958.5 265.1 125788.1 5951.4 7155.5
7.00 173745.4 361.6 124520.7 5969.5 7644.1
8.00 163264.0 473.5 122994.9 5990. 7 8173.6
9.00 162020.2 601.6 121190.4 6015.1 8746.9

10,00 155715.4 744.3 119089.3 6043.0 9366.8
11.00 149243.4 903.6 116677.2 6074.5 10036.2
12.00 142688.9 1079.8 113945.3 6109.8 10757.9
13,00 136125.9 1272.5 110892.0 6149.2 11534.1
14.00 129617.5 1482.6 107524.1 6192.9 12367.2
15.00 123216.8 1710.3 103857.6 6241.3 13259.0

r 16.00 116963.3 1956,2 99918.1 6294.6 14210.7
17.00 118892.3 2220.7 95740.1 6353.4 15223.2
18.00 105027.2 2504.5 91366.3 6418.0 16296.3
19.00 99385.5 2808.2 86845.3 6488.8 17429.2
20.00 93978.6 3132.5 82229.6 6566.5 18620.1
21.00 88811.0 3478.0 77573.4 6651.6 19866.2
22.00 83886.2 3845.6 72929.5 6744.6 21163.2
23.00 79202.2 4236.0 68348.0 6846.4 22506.2
24.00 74755.1 4650.3 63873.5 6957.8 23888.4
25.00 70538.9 5089.3 59544.5 7019.5 25302. 2
26.00 66546.1 5554. 0 55392. 2 7212.6 26738.6
21.00 62768.5 6045.7 51440.8 7358.2 28187.7
28.00 59196.9 6565.5 47707.1 7517.3 29638.5
29.00 55821.9 7114.7 44201.3 7691.4 31079.4
30.00 52633.8 7694. 7 40928. 2 7881.8 32498.3
31.00 49623.1 8306.9 37887.1 8090. 2 33883. 0
32.00 46780.3 8952.9 35073.8 8318.4 35221.3
33. 00 44096. 2 9634.5 32480. 9 8568.3 36501. 7
34.00 41561.7 10353.3 30098.6 8842.1 37713.1
35.00 39168.4 11111.5 27915.6 9142.2 3845.8
36.00 36908.0 11911.1 25919.7 9471.4 39890.9
37.00 34772.8 12754.2 24098.1 9832.6 40841.1
38.00 32755.4 13643.3 22438.2 10229.1 41690.1
39.00 30848.7 14581.1 20927.3 10664.6 42433.1
40.00 29046.2 15570.1 19553.3 11143.2 43066.4
41.00 27341.8 16613.4 18304.6 11669.3 43587.2
42.00 25729.7 17714,1 17170.2 12247.9 43993.8
43.00 24204.3 18875.7 16140.1 1284.6 44284.9
44.00 22760. 6 20101.7 15204.8 13585.3 44459.7
45.00 21393.9 21396.1 14355.4 14356.7 44518.0
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TABLE A-6. GRAPHITE POISSON'S RATIO AND
THERMAL EXPANSION (VF = 0. 55)

ALPHA UXY UYX AX AY

0.00 0.2785 0.0134 2. 100E-07 1. 716E-05
1.00 0.2841 0.0137 2. 055E-07 1. 716E-05
2. 00 0.3009 0.0145 1. 919E-07 1. 713E-05
3. 00 0.3287 0. 0160 1. 692E-07 1. 709E-05
4. 00 0,3872 0.0179 1. 377E-07 1. 704E-05
5. 0. 4160 0.205 9.739E-08 1.696E-05
6.00 0. 4745 0. 0236 4.847E-08 1. 687E-05
7.00 0.5420 0.0274 -8. 815E-09 1. 677E-05
8. 00 0.6176 0.0317 -7. 420E-08 1. 664E-05
9.00 0.7001 0. 0366 -1. 474E-07 1. 650E-05

10.00 0.7883 0.0421 -2. 279E-07 1. 635E-05
11.00 0.8806 0.0483 -j. u1 1.617E-05
12.00 . 9754 0.0550 -4.094E-07 1.598E-051.00 1.0709 0.0625 -5. 093E-07 t. 576E-05
14.00 1.1663 0. 0785 -6. 143E-07 1. 553E-05
15,0 1,2569 0.0793 -7. 239E-07 1.528E-05
16.00 1,3427 0.0888 -8.371E-07 1.502E-05
17, 0 1.4223 0.989 -9,531E-07 1. 473E-05
18.00 1. 4936 0.1099 -1. 071E-06 1.442E-05
19.00 1.5554 0. 1215 -1. 189E-06 1.409E-05
20.00 1.6068 0. 1340 -1. 307E-06 1. 374E-05
21.00 1.6472 0. 1472 -1. 423E-06 1. 337E-05
22,00 1,6762 0. 1613 -1. 535E-06 1.298E-05
23.00 1.6941 0. 1763 -1. 643E-06 1. 257E-05
24.00 1.7011 0.1921 -1. 744E-06 1. 214E-05
25.00 1.6978 0. 2089 -1. 836E-06 1. 169E-05
26.00 1.6852 0.2266 -1. 918E-06 1. 122E-05
27.00 1.6640 0.2453 -1. 988E-06 1. 074E-05
28. 0 1.6354 0.2651 -2. 043E-06 1. 023E-05
29.00 1.6004 , 2859 -2. 082E-06 9.711E-06
30.00 1.5601 0.3078 -2. 103E-06 9. 176E-06
31. 0 1, 5154 0. 3309 -2. 102E-06 8.627E-06
32.00 1.4572 0.3552 -2. 079E-06 8. 068E-06
33.00 1.4165 0.3808 -2. 031E-06 7. 499E .06
34.00 1.3640 . 4076 -1. 956E-06 6. 923E-06
35.00 1.3103 0.4357 -1. 852E-06 6.343E-06
36. W 1.2561 0.4653 -1.718E-06 5.761E-06
37.00 1. 2017 0.4962 -1. 553E-06 5. 181E-06
38.0 1. 1477 0. 5287 -1. 354E-06 4.605E-06
39.00 1.0944 o.5627 -1. 122E-06 4. 037E-06
40.00 1.0428 0.5982 -8. 562E-07 3. 480E-06
41.00 0.9907 0.6353 -5. 562E-07 2. 938E-06
42.00 0.9408 0.6740 -2. 227E-07 2. 412E-06
43.00 0.3923 0 7144 1. 437E-07 1. 907E-06
44.00 0.0454 O. 7564 5.417E-07 1. 425E-06
45.0W 0.8001 0.8001 9. 698E-07 j 9,.691E-07
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TABLE A-7. GRAPHITE POISSON'S RATIO AND THERMAL
EXPANSION (VF = 0. 60)

ALPHA UXY UYX AX AY

0. 00 0.2720 0. 0125 1. 275E-07 1. 575E-05
1.00 0.2779 .0128 1. 233E-07 1. 574E-05
2. 00 .2954 0.0136 1. 106E-07 1. 572E-05
3.00 0.3243 0.0150 9. 004E-08 1. 568E-05
4. 00 0.3844 0.0170 6. 113E-08 1. 562E-05
5.00 0. 4152 0. 0195 2. 421E-08 1. 554E-05
6.00 0. 4760 0. 0226 -2. 052E-08 1. 545E-05
7.00 0.5460 .0263 -7. 283E-08 1. 534E-05
8.00 0.6243 .0306 -1.324E-07 1.521E-05
9.00 0.7098 0,0355 -1.990E-07 1.507E-0510.00 0.8005 0.0410 -2. 721E-07 1. 491E-05

11.00 0.8954 0.0471 -3. 513E-07 1.473E-05
12.00 0.9926 0 0539 -4. 361E-07 1. 453E-05
13 00 1.0901 0,0612 -5.260E-07 1.432E-05
14.00 1. 1059 .0693 -6. 202E-07 1.409E-05
15 00 1.2732 0.0780 -7. 181E-07 1. 384E-05
16 00 1. 3649 0, 0874 -8. 188E-07 1.357E-05
17.00 1.4444 0.0975 -9, 215E-07 1. 328E-0513,00 1.5151 0 1083 -1. 025E-06 1.298E-05
19,00 1. 5759 0, 1199 -1. 129E-06 1.265E-05
20.00 1.6257 0, 1323 -1. 232E-06 1. 231E-05
21.00 1.6642 0. 1455 -1. 332E-06 1. 195E-05
22, 00 1.6912 0, 1595 1. 429E-06 1. 158E-05
23.00 1.7868 0,1743 -1. 520E-06 1. 118E-05
24.00 1.7115 0.1901 -1.605E-06 1. 077E-05
25.00 1.7059 0.2067 -1.683E-06 1.035E-05
26.00 1.6911 0.2243 -1. 750E-06 9. 905E-06
27.00 1.6679 0. 2429 -1. 806E-06 9. 449E-06
28,00 1.6374 0. 2625 -1. 850E-06 8. 981E-06
29.00 1.6007 0 2832 -1.878E-06 8. 50E-06
30.00 1.5589 0,3050 -1.890E-06 8. 01E-06
31.00 1.5129 0,3279 -1.884E-06 7.511E-06
32.00 1.4637 0.3520 -1.858E-06 7.005E-06
33.00 1.4121 0.3774 -1.811E-06 6.493E-06
34.00 1.3589 0 4040 -1. 741E-06 5. 979E-06
35.00 1.3047 0 4828 -1.646E-06 5.463E-06
36.00 1.2500 , 4614 -1.526E-06 4. 950E-06
37.00 1. 1954 0 4921 -1. 379E-06 4. 440E-06
38.00 1. 1413 . 5243 -1.205E-06 3. 936E-06
39.00 1.0878 . 5581 -1.002E-06 3. 442E-06
40.00 1.0354 0 5934 -7.719E-07 2. 958E-0641.0O0 0. 9842 O. 6363 -5. 129E-07 2. 489E-06
42.O0 0. 9744 0.6688 -2. 258E-07 2. 036E-06
43.00 O. 8861 0.7089 & 896E-08 1.602E-06
44.00 0.8393 0,7568 4. 304E-07 1. 188E-06
45.00 0.7942 0,7843 7. 975E-07 7.969E-07
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TABLE A-8. KEVLAR 49 COMPOSITE PROPERTIES

FI BER PROPERTIES RESIN PROPERTIES COMPOSITE PROPERTIES

VF -0.5500 EF - 1900E+07 VR -0.4500 ER - 4.700E+ 05 RHO -0. 0474
WF -0.6085 EFT -1.OOO0E +06 WR -0.3915 AR- 4.800E-05 FTU -178750.0
RHOF - 0.0524 GF -3. OOOE +05 RHOR -0. 0412 UR- 0.3500 FCU - 38500. 0
FlU - 325000.0 AF -- 3. 440E-06 FSU - 8000. 0 FSU - 8000. 0

KFCU - 70000.0 AFT"- 3. OOOE-05
UF -"0,2200

FIBER PROPERTIES RESIN PROPERTIES COMPOSITE PROPERTIES

VF -0.6000 EF - 1. 900E +07 VR -0.4000 ER- 4.700E+05 RHO " 0.0479
WF -0,6561 EFT -1.00E + 06 W R - 0.3439 AR- 4.000[-O5 FTU -195000. 0
RHOF - 0.0524 GF - 3.000OE +05 RHOR -0.,0412 UR- 0.3500 FCU -42000, 0
FTU -325000.0 AF -3.440E-06 FSU - 8. 000, 0 FSU -8000,.0
FCU -70000.0 AFT"- 3.0OOOE-05
UF - 0.2200
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TABLE A-9. KEVLAR 49 MODULI (VF = 0.55)

ALPHA I EX EY GXY

F 0,00 1. 066E+07 7.847E+05 2. 349E+05
1.00 1. 065E 07 7. 845E+05 2. 380E +05
2. 00 1. 563E+07 7. 840E + 5 2. 472E+05
3.00 1. 859E+07 7. 830E+05 2. 626E+05
4.00 1.053E+07 7.817E+05 2.840E+05
5.00 1. 046E+07 7. 800E+05 3. 113E+05
6.00 1. 037E+07 7. 779E+05 3. 444E +05
7.00 1. 026E+07 7. 755E+05 3. 832E+05
& 00 1. 012E+07 7. 727E+05 4. 274E+05
9.00 9. 968E+06 7. 696E+05 4. 768E+05

10. 0 9. 791E+06 7. 661E+05 5. 312E+05
11.00 9, 589E +06 7. 623E+05 5. 904E +05
12,00 9. 364E+06 7. 582E+05 6. 540E +05
13. 00 9. 113E+06 7. 538E+05 7. 217E+05
14.00 8.838E+06 7. 491E+05 7. 932E +05
15,00 8. 538E +06 7. 441E+05 8. 682E +05
16.00 8,215E+06 7 389E+05 9.483E+05
17,00 7. 871E+06 7. 335E+05 1. 027E+06
18 00 7 509E+06 7. 279E+05 1. 10E+06
19.00 7, 131E+06 7.221E+05 I 195E+06
20. 0 6. 741E+06 7. 162E+05 1. 282E+06
210,0 6. 343E+06 7. 102E+05 1, 369E+06
22.00 5. 9042E+06 7. 042E+05 1. 457E+06

423..0 5. 541E +06 6. 983E+05 1. 546E+06
24.00 5. 145E+06 6. 924E+05 . 634E +06
25.00 4. 758E +06 6. 867E' 405 1. 721E+06
26.00 4. 384E +06 6. 812E+05 1. 80BE +06
27.00 4. 025E+06 6. 761E+05 1.893E+06
2. 00 3 685E+06 6. 714E+05 1. 976E406
29.00 3. 365E+06 6. 674E+05 2. 057E+06
30.00 3 06E+06 6. OE.05 135E+06
31.00 2. 790E +06 6. 614E+05 2.210E+06, 32.0O0 2. 535E+06 6. 599E +05 2. 281E+06

33. 00 2. 303E+06 7. 597E+05 2. 349E+06
34.00 2. 092E+06 7 6.0E+05 2. 413E+06
3. 00 1. 902E+06 6. 537E+05 2. 472E+06

.360 0 1. 732E+06 6. 686E+05 2. 526E4 Of
37.00 1. 580E +06 6. 758E+05 2. 576E ,06'38.0O0 1. 445E +06 6. 857E + 05 2. 6?O +Oo "
39.0O0 1. 326E +06 6. 987E +05 2. 659E 406

4a0, 0 1. 221E +06 7. 152E+05 2. 692E +06
4L 00 1. 130E + 0 7. 358E+05 2. 719E +06

\42. 00 1. 050E +06 7. 610E +05 2. 740E +06
43, (0 9 813E+05 7. 915E+05 2,.756E+06

44.0O0 9, 219E+05 8. 279E +05 2. 765E,06
45.0O0 8,711E+05 8. 712E+05 2. 768E 06
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TABLE A-10. KEVLAR 49 MODULI (VF = 0.60)

ALPHA EX EY G'Y

.0 0 1. 159E+07 8. 053E+05 2.412E+05
1.00 1. 158E+07 8. 051E+05 2.445E+05
2. 00 1, 155E+07 8. 045E+05 2. 546E+05
3.00 1. 151E+07 8. 036E+05 2. 713E405
4.00 1. 145E+07 8. 022E+05 2, 947E+05
5.00 1. 137E+07 8. 005E+05 3. 245E+05
6 00 1. 127E+07 7, 983E+05 3. 606E+05
7.00 1. 114E+07 7. 958E+05 4. 029E+05
8.00 1. 100E+07 7. 930E+05 4, 511E+05
9. GO 1. 083E+07 7. 898E+05 5. 050E +05

10.0 0 1. 083E+07 7 862E+05 5. 644E+05
L 00 1.0412+07 7 823E+05 6.289E+05

12.00 0, 106E+07 7. 782E+05 6. 983E +05
13.00 9.886E+06 7 735F+05 7. 721E+05
14.00 9.5812+06 7. 687E+05 8.582E+05
15.00 9.249E+06 7. 636E+05 9. 319E+05
16.00 8.891E+06 7. 553E+05 1. 017E+06
17.00 8. 509E+06 7. 527E+05 1. 105E+06
18.00 8. 107E +06 7. 469E+05 1. 1%E+06
19.00 7. 688E +06 7. 410E+05 L. 288E+06
20.00 7.256E+06 7. 349E+05 1. 303E+06
21.00 6,,16E+06 7.288E+05 1. 478E+06
22 00 6.313E+06 7.226E+05 1. 575E +06
23.00 5. 9322+06 7. 165E+05 1. 671E+06
24.00 5.497E+06 7. 105E+05 1. 767E+06
25.00 5. 073E406 7. 046E +05 1. 863E +06
S2600 4.664E+06 6. 990E +05 1. 957E +06
27 00 4.273E+06 6. 938E+05 2. 050E+06
28.00 3. 903E +06 6. 893E+05 2. 140E +06
29 00 3. 556E+06 6. 848E+05 2.228E+06
3R 00 3.233E+06 6.813E+05 2. 314E 406
3L 00 2. 935E +06 6. 787E+05 2. 395E+06
320 00 2.662E+06 6. 772E+05 2.473YF o
33.00 2.413E+06 6. 769E+05 2.547E+06
34.00 2.188E+06 6.782E+05 2.617E+06
35.00 1. 986E +06 6.812E+05 2. 681E 06
36.00 1. 805E +06 6. 864E+05 2. 740E +06
37.00 1. 644E +06 6. 939E+05 2. 794E+06
38. 00 1. 501E+06 7. 042E+05 2.843E+06
39.00 1. 375E +06 7. 177E+05 2.885E+06
40.00 1. 265E+06 7. 349E+05 2. 921E+06
4L 00 1. 169E+06 7.563C+05 2.9515+06
42.00 1. 085E+06 7.826E+05 2. 974E +06
43.00 1. 013E +06 8. 143E+05 2.991E +06
44.00 9.506E+05 8. 524E+05 3.0015+06
45.00 8. 975E+05 8. 975E+05 3.0045+06
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TABLE A-if. KEVLAR 49 STRENGTH ALLOWABLES (VF = 0. 55)

ALPHA FXTU FYTU FXCU FYCU FXY

0.00 178750.0 0.0 38500.0 2818.7 1413.4
r { 1.00 178134.2 4.8 38474.8 2818.0 1498.5

2.00 176310.4 19.2 38398.7 2816.1 1596.7
3.00 173347.7 43.3 38270.3 2812.1 1709.5
4.00 169353.7 77.0 38087.3 2808.1 1838.6

J 5.00 164465.9 120.5 37846.7 2802.2 1985.6
6.00 158839.9 173.9 37544.7 2795.0 2152.4
7. 00 152638.8 237.2 37176. 8 2786.5 2340.7
8.00 146023.3 310.6 36738.3 2776.7 2552.3
9.00 139143.1 394.3 36224.1 2165.8 2789.0

10.00 132134.6 488.5 35629. 2 2753.6 3052.2
11.00 125111.4 593.3 34949.3 2740.3 3343.6
12.00 118169,7 708.9 34180.4 2726.0 3664.3

L 13.00 111385.2 835.7 33320.0 2710.5 4015.3
14.00 104815.7l 974.0 32367.0 2694, 1 4397.,2
15.00 98502.7 1123.9 31322.3 2676.7 4810,2

16.00 92473.9 1286.0 30188.9 2658.5 5253.8
17.00 86746,1 1460.5 28972.5 2639.6 5727.2

18.00 81326.6 1647.8 27681. 1 2620.0 6228.8

19.00 76215.9 1848.5 26325.4 2599.9 6756,5
20.00 71409.1 2062.9 24918.4 2579.3 1307.5
21.00 66897.6 2291.6 23474. 7 2558.6 7878.3

5 22.00 62669.8 2535.1 22010.3 2537.8 8465.0

23.00 58712.6 2794.1 20541.8 2517.1 9063.1
24.00 55011.8 3069.2 19085,8 2496.8 9667.8
25.00 51552.6 3361.1 17657.8 2477.2 10273.9

26.00 48320.3 3670,6 16272.2 2458.4 10876.3
27.00 45300.4 3998.4 14941.5 2441.0 11469.6

28.00 42478.7 4345.6 13675.9 2425.2 "'.048.9

29.00 39841.8 4712.9 12483.3 2411.5 12609.5

30.00 37376.9 5101.4 11369.1 2400.4 13147.0

31.00 35071.8 5512.3 10336.7 2392.5 13657.5

32.00 32915.2 5946.6 9387.3 2388.3 14138.0

33.00 30896.5 6405.8 8520.4 2388.7 14585.9

34.00 29006.0 6891.1 7734.0 2394.4 14999.0

35.00 27234.3 7404.1 7025.0 2406.4 15376.2
36.00 25573.0 7946.3 6389.4 2425.7 15716.5

37.00 24014.4 8519.4 5822.7 2453.6 16019.5

38.00 22551.1 9125.4 5320.1 2491.2 16285.2
39.00 21176.5 9766.3 4876.4 2540.3 16513,9
40.00 19884.3 10444.2 4486.7 2602.4 16706.1
41.00 18669.0 11161.4 4146.0 2679.4 16862.3

42.00 17525.2 11920.6 3849.1 2773.6 16983.0
43.00 16448.1 12724.4 3593.2 2887.2 17068.8

44.00 15433.3 13575.9 3372.4 3022.9 17120.1

45. 0 14476.7 14478. 2 3183.4 3183.7 17137.2
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TABLE A-12. KEVLAR 49 STRENGTH ALLOWABLES (VF = 0.60)

ALPHA FXTU FYTU FXCU FYCU 'XY

- 0.00 0.0 0.0 42000.0 2904.8 1460.9
1.00 194288.9 4.9 41972.5 2904.1 1550.0
2.00 192184.6 19.8 41889.3 2902.1 1652.9
3.00 188771.6 44.6 41748.9 2898.6 1771.3
4.00 184181.1 79.3 41548.7 2893.8 1906.9
5.00 178579.5 124.2 41284.9 2887.7 2061.8
6.00 172154.1 179.2 40953.1 2880.3 2237.6
7.00 165099.2 244.4 40548.1 2871.5 2436.5
8.00 157604.1 320.1 40064.4 2861.4 2660.5
9,00 149843.9 406,4 39496.0 2850.1 2911.3

10.00 141973.1 503.4 38837.2 2837.6 3191.0
11.00 134122.3 611.4 36002.6 2823.0 3501.3
12.00 126397.4 70.6 37227.9 2809.0 3843.5
13.00 118880.9 861.4 36270.2 2793.0 4219.0
14.00 111633.6 1003.9 35200.1 2776.0 4628.5
15.00 104898.0 1158.5 34042.9 2758.1 5072.4
16.00 98100.8 1325.6 32778.4 2739.3 5550.5
17.00 91856.4 1505.6 31421.2 2719.7 6062.1
18.00 85969.1 1698.8 29981.1 2699.4 6605.7
19.00 80435.8 1905.8 28470.6 2678.6 7179.0
20.00 75248.0 2127.0 26904.9 2657.4 7779,4
21.00 70393.1 2362.9 25301.0 2636.0 8403.0 5

22.00 65856.3 2614.3 23677.4 2614.4 9045.8 B
23.00 61620.7 2881.6 22653.1 2593.0 9702.8
24.00 57669.2 3165.6 20446.6 2572.1 10368.8
25,00 53984.0 3467.0 18875.6 2551.7 11038.0
26.00 50547.7 3786.5 17355.8 2532.3 11704,6
27.00 47343.6 4125.2 15900.6 2514.3 12362.7
28.00 44355.2 4483.8 14521.0 2497.9 13006.6

a 29.00 4156?.4 4863.3 13225.1 2483.7 13630.6
30.00 38965.5 5264.9 12018.3 2472. 2 14229.9
31.00 36536.0 5689. 7 10903.5 2464.0 14800.1
32.00 34266.2 6138.8 9881.5 2459. 7 15337.2
33.00 32144.4 6613.8 8950. 9 2460.1 15838.2
34.00 30159.6 7115.9 8109.2 2466.1 16300.7
35.00 28301.7 7646. 8 7352. 2 2478.5 16723.1
36.00 26561.6 8208.2 6675.4 2498.6 17104.3
37.00 24930.5 8801.8 6073.4 2527.6 17443.7
38.00 23400.7 9429.7 5540.5 2566.8 17741.4
39.00 21964.8 10093.9 5071.2 2617.8 17997.5
40.00 20616.3 10796.8 4659.7 2682.5 18212.7
41.00 19348.9 11540.8 4300.6 2762.9 18387.5
42.00 18156.9 12328.7 3988.8 2861.1 18522.6
43.00 17035.3 13163.4 3719.3 297.7 18618.7
44.00 15979.3 14047.9 3481..6 3121.6 18676.0
45.00 14984.3 14985.9 3289.6 3289.9 18695.1
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TABLE A-13. KEVLAR 49 POISSON'S RATIO AND THERMALEXPANSION (VF =0.5% )

ALPHA UXY UYX AX AY

0.00 0.2785 0.205 -2. 578E-06 2. 844E-05
1.00 0.2824 0.208 -2.587E-06 2. 843E-05
2.00 0.2942 0.217 -2.613E-06 2. 843E-05
3.00 0.3138 0.232 -2,656E-06 2.841E-05
4.00 0.3410 0.0253 -2.716E-06 2. 840E-05
5.00 0.3757 0.0280 -2. 794E-06 2. 838E-05
6.00 0.4178 0.0313 -2.889E-06 2. 835E-05
7. 0 0.4668 0.0353 -3. 002E-06 2. 831E-05
L. % 0.5224 0.0399 -3. 132E-06 2. 827E-05
9.00 0.5841 0.0451 -3.2?9E-06 2. 822E-05

10 00 Q 6513 0.0510 -3. 445E-06 2. 816E-05
11.00 0.7233 0.0575 -3.627E-06 2.809E-05
12.00 Q 7991 . 0647 -3. 828E-06 2. 802E-05
1300 0.8777 0.0726 -4.045E-06 2. 792E-05
14.00 0. 9580 0. 0812 -4.280E-06 2.782E-05
15.00 1.0387 0. 0905 -4. 532E-06 2.770E-05
1,6.00 1. 1184 0. 1006 -4. 800E-06 2.756E-05
Il. 00 1. 1958 0.1114 -5.085E-06 2.739-05
18.00 1, 2694 0. 1230 -5. 384E-06 2. 721E-05
19.IW) 1 3379 0.1355 -5. 698E-06 2. 700E-5
20.01 1,4001 0. 1487 -6. 024E-06 2. 676E-05
21. (C 1.4547 0. 1629 -6. 361E-06 2.649E-05
22. 0 1.5010 0. 1779 -6. 707E-06 2. 618E-05
23.00 1.5383 0.1939 -7.059E-06 2. 582E-05
24.00 1.5662 0.2108 -7.413E-06 2. 542E-05
25.00 1.5845 0.2287 -7.767E-06 2.497E-05
26.00 1. 5934 0.2476 -8. 114E-06 2. 446E-05
27.00 1.5932 0. 2676 -8. 449E-06 2.388E-05
28. 0 1.5845 0.2887 -8. 764E-06 2.323E-05
29.00 1. 567Q 0. 3109 -9. 052E-06 2 251E-05
30.00 1.5442 0.3344 -9. 304E-06 2. 170E-05
31.00 1.5142 O. 3590 -9.507E-06 2.079-05
32.00 1. 4789 0 3850 -9 652E-06 1. 979E-05
33.00 1.4392 0. 4122 -9 723E-06 1. 869-05
34.00 1.3957 0.4408 -9.708E-6 1. 749-05
35.00 1.3495 0.4708 -9.591E-06 1. 618E-05
36.00 1.3011 0. 50?3 -9.5,7E-06 1. 477E-05
37.00 1.2513 0.5352 -8.992E -06 1. 325E-5
38.00 1 2006 0.5697 -8. 483E-06 1. 165E-05
39.00 1 1495 0.6056 -7. 820E-06 9.%9-06
40.00 1.0984 0. 6432 -6. 995E-06 8.228E-06
41.00 1.0477 0.6823 -6. 005E-06 6.448E-06
42.00 0.9978 0.7230 -4.852E-06 4.654E-06
43.00 0.9487 0.7652 -3.546E-06 2 874E-06
44.00 0.9008 0.8090 -2. 098E-06 1. 136E-06
45.00 0. 8542 0.8543 -5. 289E-07 -5.316E-07
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TABLE A-14. KEVLAR 49 POISSON'S RATIO AND THERMAL
EXPANSION (VF 0. 60)

ALPHA UXY UYX AX AY

0.00 0.2720 0.0189 -2. 735E-06 2 821E-05
1.00 I 0 2762 0.0192 -2. 744E-06 2. 820-05
2.00 0.2887 0.201 -2. 770E-06 2.620E-05
3.00 0.3095 0.0216 -2. 813E-06 2. 819E-05
4.00 0.3384 0.0237 -2. 874E-06 2. 817E-05
5.00 0.3734 0.0264 -2. 952E-06 2. 815E-05
6.00 0,4201 0.0298 -3. 047E-06 2. 812E-05
7 00 0. 4722 0.0337 -3. 160E-06 2. 808E-05
8.00 I 0.5313 0.0383 -3.291E-06 2. 804E-05
9.00 0.5969 0.0435 -3. 439E-06 2.799E-05

10.00 0.6683 0.0494 -3.605E-06 2. 794E-05

11.00 0.7447 0. 0559 -3. 768E-06 2.787E-05
12.00 0.8251 0. 032 -3. 989E-06 2. 779E-05
13.00 0.9084 0.0711 -4. 208E-06 2. 770(-05
14.00 0.9933 0.0797 -4. 444E-06 2. 760E-05
15.00 1.0784 0.0890 -4. 697E-06 2.748E-05
16.00 1.1623 0.991 -4. 967E-06 2.734E-05
17.00 1.2434 0 1100 -5. 253E-06 2.718E-05
18.00 1.3203 0. 1216 -5. 554E-06 2. 699E-05
19.00 1.3914 0.1341 -5. 870E-06 2.679E-05
20.00 1.4554 0. 1474 -6. 198E-06 2.655E-05
21.00 1.5113 0.1616 -6. 538E-06 2.CJE-05
22.00 1.5580 0. 1767 -6. 887E-06 2. 597E-05
23.00 1.5951 0. 1927 -7. 242E-06 2. 562E-05
24 00 1 6220 0.2097 -7.601E-06 2. 522E-05
25 00 16"87 0.2276 -7.958E-06 2. 477E-05
26.00 1.6455 0.2466 -8 310(-06 2. 426E-05
27 00 1.6428 O. 2667 -8.650E-06 2. 368E-05
28.00 1.6312 0.2880 -8. 971E-06 2.303E-05
29.00 1.6115 0.3103 -9. 265E-06 2.231E-05
30.o0 1.5846 0.3339 -9. 523F-06 2. 150-05
31.00 1.5514 0.3587 -9.733E-06 2. 00E-05
32.00 1.5129 0.3849 -9. 884E-06 1. 960E-05
33.100 .4700 U. A !?3 -9. 963E-06 1. 850E-05
A w 1.4235 0.4412 -9. 954E-06 1. 729E-05
35.00 1.3744 0.4715 -9.844C 06 1.598E-05
36.00 1.3234 0. 5032 -9. 616E-06 1. 456E-05
37.00 1.2711 0.5365 -9. 257E-06 1.305F-05
38.00 1.2181 0.5714 -8. 753E-06 1. 144E-05
39.00 1. 1649 0.6078 -8. 093E-06 9. 751E-06
40.00 1.1120 0. 6459 -7. 271E-06 8.003E-06
41.00 1.0596 0.6856 -6. 281E-06 6. 215E-06
42.00 1.0081 0. 7270 -5. 128E-06 4.413E-06
43.00 0.9577 0.7700 -3. 819E-06 2. 625E-06
44.00 0.9085 0.8146 -2. 367E-06 3. 792E-07
45.00 0.8609 0.8609 -7.920E-07 -7. 947E-07
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APPENDIX B

ANGLE BRACKET STUDY

Tension fittings, frequently referred to as "bathtub" fittings (Figure B-I),
provide an effective method of transferring axial load across removable

: !helicopter joints. This type of fitting is commonly fabricated from metals
whose strength and stiffness are essentially the same in all directions (i. e.,
they are isotropic and homogeneous).

A A

SECTION -
C

B-B p b ]BASE

t WALL CWALLrt

Figure B-i. "Bathtub" Tension Fitting

The design and fabrication of similar fittings from reinforced composites
present several problems that do not arise in the design of metal fittings:

0 The strength and stiffness of composite materials depend on
fiber orientation.

* The bearing and shear strengths of composites are low in
comparison with their unidirectional tensile strength and the
tensile strength of metals.
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V The three-dimensional state of stress that exists in composite
fittings complicates the analysis of these structures.

0 The failure modes of composites are different from those of
metals.

A major problem in designing attachment fittings using reinforced composites

is "turning the corner. " A simple example is the bolted angle bracket shown
in Figure B-2. In bolted angle brackets, a tension load applied to one leg of
the angle is reacted by a shear load in the other leg. As a result of the
inherent eccentricity, a bending moment is present in both legs and, in
particular, in the radius of the angle. In composites, the transfer of the
load from tension in one leg to shear in the other and the transfer of the
bending moment around the corner limit the strength of the fitting because
composites possess nonuniform properties. The situation is complicated by
several discontinuities:

0 The tension bolt-washer interface

* The turn-the-corner problem

• The load distribution around the hole

* The material behavior

This problem had to be solved in order to design effective composite tension
fittings. An analytical solution was required, along with experimental data
to verify the accuracy of the analysis.

METHODOLOGY

The nature of the stress field in the corner of an angle bracket was
investigated using several theoretical methods including classical two-
dimensional thin laminate theory, thick laminated plate theory, and cylindri-
cal shell theory. Results obtained using the two-dimensional classical theory
were comparable with parametric study results obtained using finite element
models C-1 and C-2.
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Figure B-2. Turning the Corner
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When a pure axial tension load is applied to an angle bracket (Figure B-3),
the internal axial, shear, and moment loads vary as a function of the bend
angle 0. These loads are simply:

N 0 = N O 0Cos 0

S: = N0 sin 0

M = NO0 R (1- cos 0)

where the distance to the center of the laminate is R = + t/2. At high
values of 0, the shear and moment loads will create critical interlaminar
shear and transverse tensile stresses. These effects will be discussed
with the NASTRAN results.

The reduced stiffnesses of an orthotropic lamina in a flat composite plate
are:
jEl

1 1:t12 m21
QV 12 E 2  V 21 E 1

1I2 =1 - V 12 V 21 1 v12 V21

E 
2

22 1 - V 1 V 2

0 66= G 1 2

whe re

E1 , E2 = Young's moduli in one and two directions, respectively

v.. = Poisson's ratio for transverse strain in the j-direction

when stressed in the i-direction

G shear modulus in the 1-2 plane
12
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A

N e = NORMAL STRESS

so = SHEAR STRESS

M = MOMENT

Ro = INSIDE RADIUS

R= AVERAGE RADIUS

No = APPLIED LOAD

tk -THICKNESS OF kth LAMINA

h k = DISTANCE FROM AVERAGE RADIUS TO kth LAMINA

N0

Se

N e " t k

DETAIL A k

IR

N0

Figure B-3. Internal Loads in the Corner Region
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Laminated bending stiffnesses are defined as

N

13~~ ~~ 3 . il k ki

k=l

where i" are the reduced stiffnesses when transformed to a rotated x-y
axis and k is defined in Figure B-4.

LAYER NUMBER

:n

Figure B-4. Laminate Geometry

The normalized tangential stress in the corner of an angle bracket is

t (Ro + t/2) [1 - coso] (hk t 2) coso
0  D k k k

8'0 0 000

where D0 0 and o are equal to D11 and 0 11, respectively, and u0 = N0 /t.
At 0 equal to 0 degrees, there is no bending stre,,s zomponent, as expected.

Similarly, the normalized interlaminar shear stress in the corner region
was evaluated as

k
r 0 sin0 2

GrO t
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where GrO is the laminate shear modulus using the radial coordinate
system. Given a particular lamina, the value Of Tt/a 0 varies as a function
of sin 0.

Despite the relative simplicity of these equations, the results show excellent
agreement with results obtained using the NASTRAN C-i and C-2 preprocessor

models developed for this contracted effort.

S $ FINITE ELEMENT MODEL

s Modeling Considerations

The finite element model of the angle bracket to be investigated was designed
in accordance with the following considerations:

* Since the geometry of the bracket fitting and the applied loads
i iare both symmetrical, it is necessary to analyze only half of

the bracket, using appropriate boundary constraints.

* To avoid using a dense mesh and yet obtain reliable results in
critical parts of the bracket (parts with high stress/strain
gradients), higher-order isoparametric solid elements (HEXA,
PENTA) are employed.

* For modeling purposes, the bracket is subdivided into four parts
(Figure B-5) such that each part can be independently provided
with a mesh size appropriate to its stress/strain gradients.

* The mesh size for each bracket part is chosen so as to lend
itself to automatic resolution into discrete strips and automatic
numbering by appropriate preprocessors.

* To obtain the magnitude of the interlaminar stresses, several
layers of elements are provided across the thickness of the
bracket to represent the actual laminated construction.

* The bracket is subdivided along its width into a reasonable number
of uniform strips such that it is convenient to identify critical
zones and, when desirable, possible to extract and subject
individual strips to detailed interlaminar analysis (Figure B-6).
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PART 4

.PART 4
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Figure B-5. Angle Bracket Subdivision
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Preprocessors

To minimize computer cost, it was decided to develop two FORTRAN
preprocessor programs (C-I and C-2) capable of automatically forming the
finite element meshes for a given bracket and generating the associated
Bulk Data decks (Figure B-7).

In the first stage of the analysis, the C-1 preprocessor idealizes the whole
(half-symmetrical) bracket into either a single- or a multilayer model with
a given number of strips across the width of the bracket. A full model
NASTRAN can then be conducted.

The C-2 preprocessor simply extracts that part of the C-1 model output that
is associated with a specific critical strip so that a single strip NASTRAN
can be conducted.

Parametric studies can be run using either the output of the full model
NASTRAN analysis after a C-1 run or the output of the single strip NASTRAN
after a C-2 run.

Note that a separate C-1 run is made for the specific multilayer construction
of the angle in question before the sec3nd stage oi the analysis (the C-2 run)
is conducted.

Step-by-Step NASTRAN Procedure

The step7 involved in determining the magnitude of the interlaminar stresses
in any given composite bracket by this two-stage procedure are as follows:

. List the dimensions of the bracket, the dimensions of the ele-
ments for all four regions, and the equivalent solid laminate
material properties.

. Execute the C-1 preprocessor model, entering the above
information as input, to obtain the bulk data for a single-layer,
multistrip model run.

. Supplement the C-1 output with appropriate Executive Control
and Case Control decks and the required additional Bulk Data
cards to make a data check and plot run with identification num-
bers for grid points and elements.

. Modify the above deck to conduct the full model NASTRAN
for the solid laminate bracket.
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Figure B-7. Two-Stage Computer Analysis Flowchart
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* Examine the results to identify regions of high stress/strain
gradients and select the critical strip to investigate interlaminar
behavior.

* Rerun the C-1 preprocessor model for a multilayered mesh that
represents the actual laminated construction.

6 Execute the C-2 preprocessor model to extract the multilayer
bulk data for the critical strip, using the results of the second
C-1 model run as input.

* Supplement the C-2 output with the necessary Executive Control,
Case Control, and Bulk Data cards to make a data check and plot
run with elements and grid points labeled.

0 Modify the above deck to perform the final single strip NASTRAN
to obtain interlaminar stress results within the critical strip.

FULL MODEL C-1 PREPROCESSOR

The C-I preprocessor first analyzes the portion of the bracket to the left of
the centerline of the washer and then, in a similar manner, the portion to

the right of the centerline up to the tangent line where the bend starts,
Particular care is taken to ensure that the grid points accurately trace the
circular washer circumference and that the appropriate wedge-shaped ele-
ments (PENTAs) ara provided in combination with the solid (HEXA) elements
near the circumference, The cylindrical part of the bracket is then modeled
using diverging HEXA elements and, finally, the loaded leg (Part 4) is
idealized using the rectangular HEXA elements.

The program is capable of modeling up to 25 layers across the thickness of
the bracket.

Coordinate Systems

In order to locate the grid points, to obtain a printout of node displacements
along desired directions, and to account for specific material orientations,
five coordinate systems are employed (Figure B-8). These coordinate sys-
tems are defined by NASTRAN CORD2 Bulk Data cards, and their ID num-
bers are appropriately referenced when the related GRID and PSOLID cards
are input. These five coordinate systems are:

* The basic rectangular coordinate system, with its origin placed
directly below the left rear corner of the angle such that the xyz

%, 8o
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BASIC RECTANGULAR

COORDINATE SY.'TEM Q
LOCAL CYLINDRICAL COORDINATE

SYSTEM Q USED TO LOCATE GRID POINTS

ON CYLINDRICAL PART OF BRACKET

THREE LOCAL COORDINATE SYSTEMS USED TO DEFINE

ANISOTROPIC MATERIAL PROPERTIES OF SOLID ELEMENTS

THAT CONSTITUTE PAPTS 1 AND 2 , PART 3 ® ,

AND PART 4 ®

Figure B-8. C-1 Coordinate Systems
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coordinates of all grid points have positive values. The grid
points of all the flat regions (Parts 1, Z, and 4) are located with
reference to this system, which is directed by an appropriate
entry in Field 3 of the GRID card. The displacements, degrees
of freedom, and constraints at all grid points are also defined
with reference to this basic coordinate system by making a corre-
sponding entry in Field 7 of the appropriate GRID cards.

0 A local cylindrical coordinate system (defined with reference to

the basic system described above) used for locating the grid
points on the cylindrical part of the bracket. Field 3 of the
corresponding GRID cards defines this system.

* Three local coordinate systems (also established with reference
to the basic system) used to define the anisotropic material
properties of the solid elements constituting Parts 1 and 2,
Part 3, and Part 4, respectively, of the bracket. Systems 3 and 5,
which are rectangular, correspond to the flat parts, and System 4,
which is cylindrical, pertains to the curved part.

These systems are referenced on the appropriate PSOLID card,
which in turn references the corresponding MAT9 card. The
orientation of these systems was selected such that Direction 1
is consistently normal to and radiating out of all elements of the 6

bracket. All laminae composing the bracket are thus parallel to B

Plane 2-3 of the related material coordinate system at all loza-
tions. This orientation, which is dictated by the geometry of the
cylindrical part, allows the material properties of any continuous
lamina to be defined in a consistent manner.

The NASTRAN program prints out the element stresses in
directions parallel to the corresponding material coordinate
systems.

Grid Point and Element Numbering Schemes

The C-1 preprocessor model lays out the mesh and assigns identification
numbers for the grid points and elements at the top and bottom of each layer,
as illustrated (for a single-layer model) in Figure B-9. First, the grid
points on the bottom surface of Part 1 are numbered, starting from the
washer centerline and proceeding in a sweeping fashion in the -x direction
toward the free edge, The numbers are assigned consecutively, starting
with 1. The program then moves to the top surface (in the +y direction),
increments the ID numbers by 10, 000, and assigns grid point IDs in the
same manner as for the bottom surface.
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For models with more than one layer, the program moves up one layer at a
time until it reaches the top surface. The elements for Part 1 are numbered
following the same general directions as for the grid point numbering.

After the grid points and elements of Part 1 have been numbered, the program
provides grid point IDs for the bottom surface of Part 2, starting with num-
ber 1001 and moving from the washer centerline to the tangent line. The
numbers of the nodes one layer higher are incremented by 10, 000, and the
element IDs start with 11,001.

The grid points for Parts 3 and 4 are given numbers consecutive with those
assigned to Part 2. The element numbers for Part 3 start with 2001 and
those for Part 4 start with 3001.

The ID numbers given to grid points near the washer should be carefully
noted because that area is numbered according to a modified scheme to
account for the circular boundary and the wedge-shaped elements required
to model it.

C-I Input Data

The user essentially specifies the basic dimensions of the bracket and the
desired fineness of the mesh by giving the number of divisions along the
three axes for each of the four parts of the bracket. The required input
parameters are defined as:

Width (W) = Width of the modeled half-symmetrical bracket, which
remains uniform over all four parts.

A = Typical element dimension in the width direction, also
uniform over all four parts.

Thickness (T.) = Thickness of the ith lamina, entered as T(I), (T2),..
1 T(n), starting from the bottom,

Layers = Number of laminae making up tb- total thickness. Up
to 25 layers may be specified (Default = 1).

D = Distance from the free transverse edge to the center of
ew the washer defining the limits of Part 1.

Aew = Typical element dimension in the Dew direction. Along
with Aw, this parameter establishes the mesh density
in Part 1.
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R = Radius of washer or circular opening in the model.
w

D = Distance from the center of the washer to the tangent
wt line defining the limits of Part 2.

a v~t Typical element dimension in the Dwt direction. Along
with Aw, this parameter establishes the mesh density
in Part 2.

R : Inside radius of the cylindrical part (bend radius).
b

Ae = Typical angle (in degrees) subtended by the radial faces
of the converging elements of the cylindrical part.
Along with Aw , this parameter establishes the mesh
density in Part 3.

D = Distance from the transverse loaded edge to the closest
it tangent line. This parameter defines the limits of

Part 4.

A it = Typical element dimension in the Dlt direction. Along
with Aw, this parameter establishes the mesh density
in Part 4.

Tolerance This parameter controls the element dimensions while
fitting the elements in around the circumference of the
waSher. it defines the minimum length to which the
side of an element may be reduced, or the maximum
length to which an element may be increased to meet
the circular boundary.

Actual data input to the C-1 preprocessor consists of the names of the
parameter:3 (Table B-1) and their respective values, entered in free format
and in free order. Lines 898 through 901 of the prog.ram listing, presented
as Appendix C, constitute an example of user data input (this example corre-
sponds to the bracket illustrated in Figure B-9). An echo of the input param-
eters is printed along with the run cutput.

A comprehensive flow chart showing the sequence of program operations is
given in Appendix D.
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TABLEB-1. INPUT PARAMETER NAMES

Input Parameters Parameter Names

Width WIDTH

A w DELTAX

Thickness T(i) T(i)

Layers LAYERS

Dew HT2

Aew DELTYZ

Rw  RADIUS

Dwt LEGX1

Awt DELTAY

Rb BEND

4o 0DELTAT

Dit LEGY

A t DELTAZ

Tolerance TOLER

Job Control Statements

The first part of the C-I model JCL (job control list) is a command to
execute FORTRAN programs, and the second pa -t specifies the disposition
of the output (save or dispose). The JCL for th, source program listing
shown in Appendix C is valid for the IBM 360/370 computer. Lines 1 and 2
show the user ID and the Execute FORTRAN command. Lines 895
through 897 specify that Tape Unit 7 be saved and catalogued on on-line disk
pack WYLBUR. Tape Unit 7 contains the NASTRAN Bulk Data card images,
which are to be used for the subsequent stress analysis run.
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Typical C-i Output

The program produces three types of output: an echo of the input parameters,
error messages, and the Bulk Data cards CHEXA, CPENTA, GRID, and
CORDZC, printed in 8-column NASTRAN format. The first two types of out-
put are written on Tape Unit 6 and are printed along with the preprocessor
run, and the bulk data is written on Tape Unit 7 and saved on an on-line disk
pack to be supplemented with additional data for the subsequent NASTRAN
run. Appendix E shows the C-1 model preprocessor program output, and
Appendix F presents the bulk data generated by the program.

FULL MODEL NASTRAN

To conduct a full model NASTRAN, the Bulk Data cards generated by the
C-1 preprocessor model must be supplemented by appropriate Executive
'Control., Case Control, and Bulk Data cards defining the boundary conditions,
material properties, and loading.

Boundary Conditions

Figure B-10 shows the constraints imposed on the bracket:

0 The top edge of the free transverse side is restrained from
motion in the vertical direction (U2 = 0).

0 The washer boundary (circular opening) is assumed to be rigidly
constrained (Ul = U2 = U3 = 0) along both the top and the
bottom edges.

* Since only half the bracket is modeled (because of structural
and loading symmetry), appropriate boundary conditions
(U3 = 0) are imposed on all grid points along the face of
symmetry.

All these constraints are effected by including additional SPC1 cards in the
Bulk Data deck and the corresponding SPC card in the Case Control deck.
Since HEXA and PENTA elements relate only to the translational degrees
of freedom (1, 2, and 3), the GRDSET card is used to constrain all the
rotational degrees of freedom (4, 5, and 6) and thus prevent the singularity
problem.
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CONSTRAINED AT CENTERLINE FOR SYMMETRY EDGE

WASHER BOUNDARY FIXED

EDGE CONSTRAINED NORMALLY

WASHER TAN iGENT

B /  LINE

Figure B-10, C-1 Boundary Conditions
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Material Properties

The bracket construction is defined by including PSOLID and MAT9 cards in
the Bulk Data deck. The appropriate material coordinate system is input on
the PSOLID card, and a symmetric 6 by 6 material property matrix Gij is
input on the MAT9 card to define the anisotropic properties of the solid ,
isoparametric elements. For the laminated bracket, the Oij matrix is
defined as

(1-v23 v3 2 )E 1 1 (v21 + v23 31)E 1131 + v12v32)E 1 0 0 0

IV v V

(- v 3 1 1 3 )E 2 2 (v3 2 + '1 2 v3 1 )E 2 2  0

r -- (1- v1 2 v2 1 )E 3 3  0 0 0

rid v

G 0 012

SYMMETRIC

G 0
23

G
31

whe re

v~1 v v -v v -v v -v v v
12 21 23 32 31 13 12 23 31

for the kth lamina

Tk] =[Thl] k] [TI]
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where

1 0 0 0 0 0

2 2
0 m n 0 2mn 0

2 2
0 n m 0 -Zrnn 0

[Ti= 0 0 0 m 0 -n

0 -n mn 0 (m - n 0

0 0 0 n 0 m

and

m = cos 8

n = sin 0

where the transformation matrix Tk for the kth lamina define a rotation
about the x axis as illustrated in Figure B-11.

X,1

z

Figure B-11. Rotation of Axis
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Applied Loads

Two load conditions were imposed on the C-I bracket model:

. A uniformly distributed tension load across the loaded transverse
edge (Figure B-lZa)

0 A uniformly distributed clockwise couple across the edge to

compensate for eccentric tensile loads (Figure B-12b)

a) b)
no/2 no/2 i /2t m /2t

0' 0 o 0

Figure B-12. Load Conditions

These loads are applied by including FORCE cards in the Bulk Data deck and
the corresponding LOAD cards in the Case Control deck.

Bandwidth (Wavefront) Optimization

It is advisable, especially for large models, to employ a bandwidth or
wavefront minimization subroutine to make optimal use of computer
resources. With the MSC NASTRAN program, this is accomplished by
using a NASTRAN preprocessor card (parameter PREOPT = 1).

C-1 Data Check and Plot Run

Before making a solution run, it is desirable to examine the preprocessor-
produced finite element model by making a data check and plot run using
several carefully selected points. Appendix G shows the NASTRAN data
deck setup for making a data check and plot run and the undeformed structure
plots produced.

Care should be taken to save the plot files by inputting the proper job control
statements.
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NASTRAN C-I Solution Run

To make a NASTRAN solution run, the following cards must be added to the
Bulk Data deck generated by the C-i preprocessor:

] NASTRAN wavefront optimization card (PREOPT = 1)

" Executive Control deck

* Case Control deck

* Additional Bulk Data cards:

- CORD2R cards to define the material coordinate systems

- GRDSET cards to constrain the redundant degrees of
freedom (4, 5, and 6)

- FORCE cards for the two loading cases

- MAT9 material properties cards

- PSOLID cards for the various groups of solid elements

- SPC1 cards to impose the necessary boundary conditions

- ENDDATA card

The printout from a NASTRAN solution run, including an echo of the completed
input data decks, is presented in Appendix H. This output corresponds to the
bracket model shown in Figure B-9.

SINGLE STRIP C-2 PREPROCESSOR

The C-2 model preprocessor was developed to postprocess the data generated
by the C-1 preprocessor model. Its function is to extract the bulk data for
a particular strip out of the multilayered full bracket model.

The user specifies the sequence number of the desired strip (parameter
ISTRIP), starting from the free edge, and the total number of strips
(parameter ISTRPS) that comprise the bracket model. The grid point and
element ID numbers previously assigned are retained for the C-2 run.
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The program reads the C-I bulk data generated for the full bracket model
and identifies and outputs the GRID, CHEXA, and CPENTA cards (the
CORDZR cards are also extracted) for all layers belonging to the desired
strip, which terminates at the washer opening. The correspondlng part of
the model on the other side of the washer opening is assumed to have no
significant influence on the results because the washer is assumed to
completely restrain the bracket along its circular boundary.

The C-2 model preprocessor program consists of approximately 120 FORTP.AN
statements (see Appendix I for the program lIsting). A detailed flowchart
that explains the logic and sequence of program operations is presented in
Appendix J.

Figure B-13 illustrates the "multilayer" input data required for the scparate
C-1 run necessary to produce the major input data for the C-2 preprocessor
model.

Job Control Statements

The C-2 model preprocessor has a two-part JCL similar to that of the C-i
preprocessor. The first part contains the user ID and the Execute
FORTRAN command, and the second part specifies the disposition of the
output (save or dispose). The C-2 JCL also manages two tape units: Unit I
(input) contains, in card format, the bulk data generated by the C-I pre-
processor for the full (multilayer, multistrip) bracket model, and Unit 2
(output) stores the bulk data extracted for the critical strip and later outputs
it for NASTRAN analysis. Lines 113 through 116 of the program listing
(Appendix I) show some of the job control statements, and line 117 specifies
the desired strip number and the total number of strips in the bracket model.
On-line disk pack WYLBUR is employed to read the specified Bulk Data cards
and write the selected Data cards.

The program designates Tape Units 5 and 6 as the current input and output
units, in the usual fashion.

Typical C-2 Output

This program produces two types of output: an echo of the input parameters,
which is written on Tape Unit 6 and printed along with the preprocessor run,
and Bulk Data cards CHEXA, CPENTA, GRID, and CORD2C, printed in
typical 8-column NASTRAN format. (Note that the program assigns a PID
(property ID) value of 1, 2, or 3 on the CHEXA and CPENTA cards for the
bottom layer and increments by 10 for each subsequent layer above.) This
bulk data is written on Tape Unit 2 (input) and saved on on-line disk pack
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&PARAMS
T(1) : 0.01, T(2) 0.01, T(3) 0.01, T(4) 0.01, T(5) = 0.01, T(6) 0.01,
T(7) : 0.005, T(8) : 0.01, T(9) = 0.01, T(10) =.01, T(1I) = .01, T(12) = .01,
T(13) = .01, LAYERS = 13, WIDTH = 0.5, HT2 = 0.4, RADIUS = 0.25, DELTY2 = 0.20,
LEGXI 0.27, DELTAY 0.09, BEND 0.125, DELTAT = 15.0, LEGY = 0.17,
DELTAZ 0.17, DELTAX 0.1, TOLER 0.015
& END

NOTES:

1. COLUMN 1 MUST BE BLANK FOR ALL PARAM CARDS.
2. &PARAMS IS ENTERED IN COLUMNS 2-8 AND &END IN COLUMNS 2-5.
3. THE VALUES OF PARAMETERS HAVE FORMAT F8.4; THUS, THERE SHOULD BE NO MORE

THAN THREE DIGITS TO THE LEFT OF THE DECIMAL AND NO MORE THAN FOUR DIGITS
TO THE RIGHT.

4. ALL 13 PARAMETERS AND ONE THICKNESS PER LAYER MUST BE SPECIFIED; THE
DEFAULT VALUE FOR LAYERS EQUALS I.

Figure B-13. Sample Input Data for Multilayer
C-I Model Preprocessor Run
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WYLBUR, as previously described, and additional data 's appended for the
subsequent NASTRAN run. The program listing and output are shown in
Appendix K.

:ITNGLE STRIP NASTRAN

In order to conduct a single strip NASTRAN , the Bulk Data cards gene-
rated by the C-2 model preprocessor must be supplemented with suitable
Executive Control and Case Control decks and Bull Data cards that define
the boundary conditions and material properties.

Boundary Conditions

Three types of boundary conditions must be imposed:

* The grid points lying on the exposed surfaces (top and bottom)
must be subjected to the same constraints as they were during
the C-i model analysis, These constraints are effected by
including the appropriate SPC (or SPC1) and GRDSET cards.

0 The rest of the grid points on exposed surfaces, which were
unconstrained during the C-1 model analysis, are subjected to
the same finite displacements (TI, TZ, T3) as during the corre-
sponding C-1 model analysis. This condition is effected by
including the appropriate SPC cards.

0 The interior grid points newly produced by the multilayered
construction are interlinked to the exterior grid points by
continuous RSPLINE elements along all the straight lines across
the thickness of the bracket. It was assumed that RSPLINE ele-
ments would provide a more realistic boundary condition for the
single strip analysis (than MPC or RBE elements), and the few
test runs carried out confirmed this assumption.

Note that no loads need be applied for this analysis; the model is deformed
under the influence of displacement boundary conditions.

Material froperties

The number of MAT9 cards required equals the number of types of layers
that comprise the angle bracket. The number of PSOLID cards required
equals the number of sets of PID values assigned to the various CHEXA and
CPENTA elements by the C-1 preprocessor program. Three groups of
PID values corresponding to three parts of the angle bracket are shown in
Figure B-14.
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Figure B-14. Critical Strip ModelA
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Dummy Elements

Since all grid points in the single strip model are subjected to either a
single- or multipoint constraint, NASTRAN would be unable to initiate
execution without a valid A-SET matrix. Three CBAR elements are input
to define the additional grid points required.

C-2 Data Check and Plot Run

The output produced by a NASTRAN data check and plot run and the undeformed
plots produced are shown in Appendix L.

NASTRAN C-2 Solution Run

To conduct a NASTRAN solution run, the bulk data generated by the C-2
model preprocessor must be supplemented with the following cards:

0 NASTRAN wavefront optimization card (PREOPT = 1)

* Executive Control deck

* Case Control deck

* Additional Bulk Data cards:7
F

- CORDZR cards to define the material coordinate systems

- GRDSET cards to constrain the redundant degrees of
freedom (4, 5, and 6)

t - Additional GRID, CBAR, PBAR, and MAT1 cards to provide

for the required dummy elementsj- MAT9 material properties cards

- PSOLID cards for the various groups of solid elements

- SPC, SPC1, and RSPLINE cards to impose the necessary
boundary conditions

- ENDDATA card

Part of the printout from a NASTRAN C-2 solution run, including an echo
of the completed input data checks, is presented in Appendix M. This
example corresponds to the angle bracket shown in Figure B-9.
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NASTRAN RESULTS

Throughout this study T300 graphite/5208 epo,:r was used for the test case.
The stacking sequence [0#/45#/0#] was used, where the symbol # stands
for crossplied fabric. Two load cases were examined: a uniform tension
load and a uniform clockwise couple. The sample ten-strip model executed
by the NASTRAN plotter is shown in Figure B-15. The following geometries
were used:

T. thickness of the ith lamina (0. 14 inch TYP)

R bend radius (0. 125 inch)
b

R = washer radius (0. 219 inch)
w

D = distance from the center of the washer to the tangent line
Dwt (0. 249 inch)

D e = distance from the free transverse edge to the center of the
washer (0. 40 inch)

D = distance from the transverse loaded edge to the closest
tangent line (0. 249 inch)

7
Width = width of the modeled half-symmetrical bracket (1. 0 inch)

... T300 GRAPHITE/5208 EPOXY#1 it A l

Figure B-15. Sample Ten-Strip Model
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Using the C-I model preprocessor, the NASTRAN data output from the uniform
tension load case was plotted in such a way that it could easily be compared
with data derived from mathematical theory.

In Figure B-16 the tangential stress Ty/T0is plotted versus bend angle along' , the centerline strip; it is most critical at the inner surface and its gradient

peaks at 0 = 75 to 85 degrees. Interlaminar shear stress is also expected
to be most critical at this location. (All stresses plotted in these figures
have been normalized.)

2.0 -

S1.5 --- *

7 z OUTER SURFACE
1.0

0! ' LOAD / 0, Av

$ 0 .
S0.5 ,

I- C
I \\CENTER OF

i ELEMENT

-0.5

INNER SURFACE

-AT CENTER OF ELEMENT-1.5 -- AT OUTER SURFACE-W-7"AT INJER SURFACE

-2.0 - ATN
25 35 45 55 65 75 85
BEND ANGLE, DEGREES

Figure B-16. Tangential Stress Versus Bend Angle
Along the Centerline Strip: Uniform
Tension Load Case
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In-Figure B-17 this same stress is plotted versus angle width at

e = 85 degrees (angle of maximum stress). This stress and its g-radient

(slope) appear to peak at the inner surface and closest to the centerline of

1.5

1.0 - _ _ _ -
OUTER SURFACE

0.5

- CENTER OF ELEMENT -
-~-. 

-. '

AT CENTER OF ELEMENT
- AT OUTER SURFACE

0.5 - INNER SURFACE

-.

0 
-

0 0. 0.3 0.4 0.5

ANGLE WIDTH, INCH

Figure B-17. Tangential Stress Versuis Angle Width:

Uniform Tension Load Case
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In Figure B-18 the interlaminar shear stress Txy/( 0 is plotted versus bend

angle. The shear stress reaches a maximum at 0 = 85 to 90 degrees and

remains relatively constant across the thickness of the laminate as evidenced

by the positive correlation of the curves.

[} 2.5 " "I!

ID 2.0

K V)

1 -

11 SHEAR AT CENTER

0.5 OF ELEMENT
SHEAR ON UPPER
AND LOWER SURFACES

10 20 30 40 50 60 70 80 90

BEND ANGLEo DEGREES

Figure B-18. interlarninar Shear Stress Versus Bend Angle:

Uniform Tension Load Case
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In Figure B-19 this same stress is plotted versus angle width at the angles
indicated. At 0 = 5 degrees, the stress is maximum at the edge of the
angle and decreases toward the centerline. At all other angles, the stress
increases to a maximum at the centerline. The transverse shear strength
Txz is directly proportional to the interlaminar shear strength.

3.0

2.5 Y o854

4 2.0

0 0.5

£.9A 0 75

0.5
S 1.0

I- LOAD

Fiur0.1 0.S 0.3 0.4 0.5

! ANGLE WIDTH, INCH "

! Stress Versus Angle Width:
FiueB-19. Interlaminar Shear StressVessAgeWdh

Uniform Tension Load Case
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The normal stress (normal to the laminate surface) x/a 0 is plotted versus
bend angle in Figure B-20, In general, this is a compres,-ion field; however,

) at bend angles up to 0 = 15 degrees a low-magnitude tension field is present
near the centerline of the angle (Figure B-21). Interlaminar tension can
only occur in the flat area between the applied load and the bend angle, acting
perpendicular to the applied load.

0

Iw-
-1.5

-2 - CENTER OF ELEMENT
2.0 OUTER SURFACE

-- INNER SURFACE

-2.5

0 10 20 30 40 50 60 70 80 90
BEND ANGLE DEGREES

Figure B-20. Normal Stress Versus Bend Angle:
Uniform Tension Load Case
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Up to this point the C-I model has been used to study the displacement/load

distribution by measuring the stresses and their gradients. In reducing the

data, the study was focused on the areas of primary interest, the locations

at which a delamination could begin.

1.5

1.0 'Y x

0 0!

-1.0

- 0.1 0.2 0.3 0.4 0.5

ANGLE WIDTH, INCH

Figure B-21. Normal Stress Versus Angle Width:

Uniform Tension Load Case
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X iA

To determine the rnagitude of the interlaminar stresses, a C-2 run was
executed on the centerline strip of the ten-strip test model (see Figure C-Z2).
Interlaminar stress analyses can be carried out on any layer or, in some
cases, the entire model can be analyzed layer by layer. In some instances
more than one lamina of the same type with the same orientation are lumped
together into a single layer to reduce computer costs.

i C-2 MODEL

Figure B-22. Laminated Centerline Strip of the

Ten-Strip Test Model
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The interlaminar shear stress T xy/ 0 along the bend angle is shown for all

nine laminae in Figure B-23. The lamina nearest the inner surface is

identified as LO, the next is Li, and the lamina nearest the outer surface

is L8. Zero-degree crossplied fabric laninae are represented by the even

numbers (and zero), and the 45-degree crossplied fabric laminae are

represented by the odd numbers. The interlaminar shear stress peaks

between the LO and Li laminae at 0 75 degrees.

T LO, Li T LO I/

T' LO, LI

(x) [540 3.64j/2 4.5?

1:4 0

5.0 --

4.0 - - - _\

Li oL"[-, . -/ !I iie 1.0 OwlA

i BEND ANGLE, DEGREES

I Figure B-23. Interlarninar Shear Stress Versus Bend Angle:
~Uniform Tension Load Case"
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II In Figure B-24 the interlarninar shear stress through the laminate thickne~ss

is shown at 0 = 5 and 75 degrees. These stresses are very nearly equal at
the outer surface.

( 4.0 -6 75

S 3.0--- - - -

w 2.0 - 7
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Normal stress along the bend angle is shown in Figure B-25. This stress

is chiefly in compression, but it is in tension up to about 0 = 15 degrees.

In the flat region up to 0 = 0 degrees, this stress is maximum and is

0. 1333

0

70-0.5

x
'- ' L8

-1.0 - -_L7

.x L5
.. L4

-15Y - L3

-2.0 -LOAD-, ! -

-2.5,
0 0 20 30 40 50 60 70 80 90

BEND ANGLE, DEGREES

FigureB -25. Norm-al Stress Along the Bend Angle:

Uniforn- Tension Load Case
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Normal stress along the centerline strip is shown at 0 = 5 and 75 degrees
in Figure B-26. At 0 = 5 degrees this stress is an interlaminar tension
wvith a magnitude of approximately 0. 05.

0. 1 - - - - -

0
-0.1
-0.2
-0.3-

-0.4-0.5 '- 05

-- - 0 75

X

$ (I)
~: -1.0

-1.5 ..

-2.0 -
0 0.2 0.4 0.6 0.8 1.0

LAMINATE THICKNESS Ti/T

Figure B-26. Normal Stress Through the Laminate
*Thickness at 0 = 5 and 75 degrees:

Uniform Tension Load Case
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Uniform clockvise couple load cases were also run using the C-2
preprocessor model. Interlaminar shear stresses are plotted versus bend
angle in Figure B-27. This stress, which peaks at 0 = 0 to 5 degrees,
has a magnitude of

(TxY)LO l (0,446 1 .580) 1.013

0

10

No

30. 60 490FAC
BEN ANLE DEGEE

11 30609
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___1___________

Normal stress is plotted versus bend angle in Figure B-28. This stress, a: compression field, is rather uniform all along the bend angle.
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Figure B-28. Normal Stress Versus Bend Angle: Uniform
Clockwise Couple Load Case
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PARAMETRIC STUDIES

Parametric studies were conducted using the C-1 preprocessor model to
determine the influence of various design parameters (Table B-2). The
finite element model used for these studies varied somewhat from that
described previously; five strips were used instead of ten. This coarser
grid gave results comparable with those obtained using the ten-strip model,
at one-fourth the cost in computer time.

The parametric study was based on the behavior of the in-plane tangential
stress gradient ao- /O(rO) and the interlaminar shear stress Txy, which
determines interlaminar shear stress recovery. Tangential stress 0ry/ 0
is plotted versus bend angle for varying thickness-to-bend radius ratios in
Figure B-29. It can be seen that the tangential stress gradient decreases
with increasing thickness-to-bend radius ratio; therefore, the larger the
laminate thickness and the lower the bend radius, the smaller the inte_ laminar
shear stress.

TABLE B-2. PARAMETRIC ANALYSIS

Bend Washer D) 1
Run Radius, Thickness, Radius, Stacking 1O,

Number inch inch inch Sequence inch inch degrees im 1

1 0.25 0.125 0.25 [017/*458] 0 S 0. 1

2 0.0 IO
3 0.125 0.219 0 /.15 /0]0.249 0.29

4 0. 2 [' 171.58] 0.27 0.51

5 0.25

6 0.50 I
7 0.125 [09/±45, 1]

8 [o 3 / " ' 1 21]

9 [0]

10 [*45]
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Figure B-29. Tangential Stress Versus Bend Angle
for Varying Thickness-to- Bend Radiusi
Ratios: Uniform Tension Load Case

Tangential stress is plotted versus bend angle for varying stacking sequences

gradient peak at the inner surface (0 = 75 to 85 degrees). The slope of the

gradient is lowest for a 0-degrec laminate and highest for a ±45-degreia
laminate; however, tangential stress itself is highest for a 0-degree
laminate. All other stacking sequences fall in between the extremes. A
laminate may be chosen based on these curves, but the minimum thickness
for a given application may depend on other, more important criteria.
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Figure B-30. Tangential Stress Versus Bend Angle
for Varying Stacking Sequences:
Uniform Tension Load Case

Interlaminar shear stress is plotted versus bend angle as a function of
thickness-to-bend radius ratio in Figure B-31. At a bend angle of 90 degrees,
this stress decreases with increasing thickness-to-bend radius ratio. For
a ratio of 1, the stress varies linearly along the bend angle and, up to
about 77 degrees, is the highest shown (note that the gradient is minimal at
77 degrees). For most design purposes, therefore, the thickness-to-bend
radius ratio should be as high as possible.
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Figure B-31. Interlaminar Shear Stress Versus Bend Angle for

Varying Thicknes s-to- Bend Radius Ratios:
Uniform Tension Load Case

st essTxy r is plotted versus bend angle in 4

Fnerigur sheaFr bend angles between 0 and 77 degrees, the shear stress

jis highest for a O-degree laminate and lowest lor a ±45-degree laminate,

- with the 01*45 degree laminates falling in between. For bend angles between

i 77 and 85 degrees, the order reverses such that the peak shear stress, which

occurs at 8 85 degrees, is highest for a *45-degree laminate and lowest

~for a 0-degree lau £nate.

For a the345] laminate, which corresponds to the quasiisotrop1C

lar~hae, heinteri ami nlar shear stress gradient is constant throughout the

raiage.
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V)2.0 [.0/±45 6 ____ -_1_C1-1

Ln, [0] T/r - I1C1-9 0
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Cr.

-LOAD

10 20 30 40 50 60 70 80 90

BEND ANGLE, DEGREES

F'igure B-32. Interlaminar Shear Stress Verstus Bend Angle for
Varying Stacking Sequences: Uniform Tension
Load Case

A C-2 model analysis was performed to determine the influence of the
lamina stacking seqaence on interlaminar stresses. The model consisted
of a 25-ply laminate of T300 graphite/520 8 epoxy. The critical strip,
which was extracted from the previous ten-strip C-I model, was 0. 1 inch
wide. Four stacking sequences were studied (Figure B-33).

Interlaminar shear stress is plotted across the laminate thickness for the
four stacking sequences in Figure B-34. Interlaminar shear stress is
independent of the stacking sequence over most of the laminate thickness;
in fact the only discernible differerze among the four stacking sequences
occurs near the outer surface, where Sequence 3 appears to show a slightly
lower stress value.
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Figure B-33. Four Stacking Sequences
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

LAMINATE THICKNESS Ti/T

Figure B-34. Interlaminar Shear Stress for Varying Stacking
Sequences Through the Laminate Thickness
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To verify the importance of the type of laminae used (fabric or tape), a
comparison was made between the four configurations shown in Figure B-33
and a [0#/45#/0#] laminate. The fabric laminate coincides with the others
for laminates between 0.5 and 0. 65 inch thick; however, for all other thick-
nesses it is -iubjected to much higher interlaminar shear stress levels.
This indicates that the choice of material would be tape.

It should be noted, however, that mixing is very important in keeping the
stresses uniformly distributed throughout the laminate thickness. Stress
gradients are highly sensitive to induced singularities due to any severe
change in laminae properties within a laminate.

EXPERIMENTAL TESTS

The graphite, Kevlar 49, S-glass, and E-glass composite angle specimens
described in Table B-3 were fabricated and tested after 3 to 4 days in the
normal laboratory environment. The tension test setup for these 1 -inch-
wide specimens is shown in Figure B-35.

Both incipient local matr.x failure by delamination in the outer plies of the
corner region and ultimate filament fracture were recorded. Initial matrix
delaminations were audible and were measured as sudden changes in the
slope of the load-deflection curve. These changes of slope were recorded
in two ways:

* Displacement from top of grip to mid-bolt head (Delta 1)

0 Test machine head travel (Delta 2)

As shown in Figure B-35, Delta 2 readings have more than twice the
magnitude of the Delta I readings in the elastic range. Delta 1 readings
were recorded continuously and automatically, and Delta 2 readings were
taken (from the gauges) every 20 pounds for the -1, -3, and -5 specimens
and every 40 pounds for the -2, -4, and -6 specimens.

The typical sequence of events in fracture failures is illustrated in
Figure B-36. The corners of thinner angles straighten out elastically for
a distance of up to two or three times their initial radii. Next the matrix
fails in delamination, and finally the fibers fracture at ultimate load.
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; Il
FIBER FRACTURE
PROPAGATES [

MATRIX BOLT HOLE mI

FAILS BY DELAM-
INATION IN CORNER,
BOLT BENDS

ELASTIC
EXTENSION 0F
CORNER TO 2R

1 4

I -J

RJ

DEFLECTION

Figure B-36. Fracture Progression in Typical Composite Angle
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The concept of yield strength being two-thirds of ultimate strength is not
transferable from metals to composites. Permanent set may occur any-
where from 75 percent (thin angles) to 90 percent of ultimate strength !
(thicker angles).

Thick sections are more ductile than thin ones.

Allowable load versus thickness in composite angles is shown in Figure B-37
for an eccentricity of 0. 5 inch. A similar curve for 2024-T3 aluminum has
been added for comparison. With respect to angle allowables, only graphite
is similar to aluminum.

.000

900500

SGRAPHITE/EPOXY

7800,

6700 -

600- /

T K STFIBERGLASS/EPOXY H

F ~ 4O0KEVLAR/EPOXY

01 0 0.02 0.04 0.06 0.08 0.10 0.12 0,14 0.16 0.18 0.20

THICKNESS (T)i INCH

Figure B-37. Ultimate Allowable Loads Versus Thickness
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APPENDIX C

C-i MODEL PREPROCESSOR PROGRAM LISTING

I.*/ JOS (900004 9 048),#PRE 91274tCLASSoF
2. //STEPI EXEC FORTHCLG
3. DIMENSION LAST(IO00),ICUR(1O00)9IGf8)

4* REAL*6 LEG1LEGY.WJDTH.RAOIUSDELTAY.DELTAXTt26),TOLERXV(26).
50 *PION'.XSAVE 9YSAVE 9ANGLE *DIST 9XLASTYMAST 9OELTAT PYY XX 9 ELTY2 9

6. *BENDTHETAZ(26).oELTAZR(26),HT2.XM001.XXMODDXMOD(26),
7. *YMOO(26),ZMOOZMOD2(Z6),THMOOLEGXLEGXP1.LEGY .--
s. INAMELIST IPARAMS/ LEGXILEGY.WID7H.RAOIUS.DELTAXDELTAYT,
9. *TOLERDELTAT .BEND.OELTAZ .LAYERS.

10. $OELTY2,14T2
11. DATA IGRZD/1/,JGRIO/10001/,ICONT/0/.JCUR/0/.JLAST/O/.IEL/1/
12s DATA LEGX1,LEGYWIDTHRADIUSDELTAXDELTAYTOLER/7*0.0/
13. DATA 7/26*09 0/ *,. --.

14. DATA DELTAT ,SEND/2*0.O/.DELTAZ/0.O/.LAYERS/O/,DELTY2/0.01
i5. CATA HT2/09./
16. C
179 C
18, C THIS PROGH IS FOR GENERATING SULK DATA FOR THE FULL BRACKET
19s C AND IS CALLED .PRE-PRCESSORFODR_ MODEL.......
20. C
21. C READ IN PARAMETERS
22o READ(59PARAMS)
23. IFILAYERS.EQ.OILAVERSO1
249 C ECHO PARAMETERS
25. WRITE (69S)LEGXI LEGYWD0i~,.RAD I.USqDELYAY9DELTAXOELT# f SENj.._
26e *IOLERDELTAZ .LAYERS.OELTV2.HT2
27o e FORMATI*1PARAMETER ECHO0#/v*OLEGXlw 99T13*FS949/9
28e ** LEGY8 10T139W8.*9/90 WIDTHa It
29. 0T139F8.*4/. RADIUS. *9T139FS94s/9l DELTA-Ve 9*1139FI1949/,
30. 06 DELlAwXw 0%T139F8.*./,' DELTA-To 097130F8.490 SENDs 1*T13.F8o4
31. $*/, 7OLERANCEO !9Fe4_v/,0_pELTA-Zsl9T13 - .

32. 0*S.*S. LAVERS919T139189./O DELTAY2u',T13.FS.*,/0 HEIGH728..
33s *113.F8*4)
34. DO 996 Iv1,LAVERS
35s WRITE(6*997) IT(I)
36. 997 FORMA741 LAVER-0912ol THICKNESS69,FSe*)
37. 998 CONTINUE
38. 1 FDRMATIOGRIO 19189SX.3F.*4)
39. IF(LAYERSoGT*25)60 TO 900
40e C INITIALIZE CONSTANTS
4 1s LAYER GuLAYER S'1
4* Z(O)wLEGV*BENO
43e. 00D 35 1 u2LA RG RG

4 5.. 35 CONTINUE
4* IEND2m0
47. PION*.3914159/4.
489 IPSOLwi

500 C
51. C GENERATE PIECE BEFORE FIRST PIECEIMODEL CHANGE 5/8/78)
52. C
53. C
540 c
550 C START AT THE LOWER LEFTHAND CORNER

t56. C THEN MOVE TO THE RIGHT UNTIL: WE HIT THE CUTOUT
V 57. YM8)0.0

58. *30 XuWIOTH
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59. C GENERATE FAR LEFT GRID POINT

61.t C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTtr

63. YMOD(1)sZ(1)

65 RITEI7,1)JGR~oxxMoD.,ymDD(I).ZMD. .. . .

69s JGRIDmJGRID~l000
70s 495CONTINUE

710 c TORE GRID ID

75. IGRIDuIGRID.1
76, JGRIDwIGRID#10000
77o C MOVE TO THE LEFT
78- 490XX-DEL TAX
790 C SAVE X AND Y

*10 XSAVEmX
82. IF(Y(I)*ECOo.)XXGX

00C ARE WE PAST THE 45?
640 ANGLE*DATAN(Yt1)/X)
85. !F(ANGLE*GT*PION4)GD TO 540
86. C SELOW THE. ... ~
87. C FIND DISTANCE FROM CUTOUT
$0. IFCY(1)*GT*RADIUS)GO TO 550
89. DISTs1-DSQRTfRADIUS**2-Y(I)**2)
90. C ARE WE WITHIN TOLERANCE FROM THE CUTOUT
91. IF(DIS7*LEYOLER)GO TO *80

U 92. GO TOS 550 .

93. C ASOVE 7HE 45
94o 540 IF(X.GIRADIUS)GO 70 550
95. DISTwY(1)-DSQRT(RADIUS**2-X#$2)
96. IF(I$7STLETOLER)GO TO 560
97. C NOT AT THE CUTOUT VET SC GENERATE NORMAL GRID POINT

-95. 550 VsVl ~.
99. C TRANSF13RMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM~

100. XXMODeYY*HTZ
101. 'YND()oZ(1)
102. ZMODwX
103o WRITE(791)IGRIDXX'OO.VMOD(1)ZOD
104o DO 555 1uZLAYERG..................... . --

105. YMOD(IlgZ(I)
106o WRITEI7.1)JGRIDXXMOD.YMODII).ZHOD
107. ~ JGRIDuJGRID.100OOO
108. 555 CONTINUE
109. C STORE GRID ID
110.o - JCUROJCUR$1. .--.. - ..--

III*1 ICUR(JCUR)vIGRID
112o C INCREMENT GRID IDIS
113. IGRIDmIGRID$1
like JGRID&IGRID*10000
115. C IF THIS IS THE FIRST LINE OF GRIDS. DON'T GENERATE CONNECTIONS
116 IF(Y(1)eEQ.0.0)GOTO7 490_
117. C MIAKE SURE WE HAVE A POINT NEXT TO THIS ONE
118. IF(JCUR.GT.JLAST)GO TO 560
119. C GENERATE QUAD ELEMENT
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120. C FIRST SET UP GRID POINT ORDER
121. 590 IG(l)uICUR(JCUR)
122. IG(21*ICUR(JCUR-1)
123. IG(3)-LAST (JCUR-1)
124.. IG(4)uLAS7(JCUR)
125. IG15)uIG(1)+IO000
126o 1G(6)usl2t)+I0000

R I127. IG(71a16(3)#I0000
128. IGfS)&'IG(4)#IOOOO
129.-- JELmIEL _____

130. JPSOLUIPSOL
131. DO 565 Js1.LAYERS ---

132. IF(J*EQ*1) GO TO 567
133o .ELaJEL.IOOOC
1340. JPSOLsJPSOL+I0
135o 00 566 KuipS...
136. IG(KI-IG(K)*10000
137. 566 CONTINUE

~f1138. C PUNCH CONNECTION CARD
1;j139. 567 WRITE(7.2)JEL.JPSOLtIG(I),Ia1.6).ICONT

140. C INCREMENT CONTINUATION FIELD
141. .JO0IOT.. .. . . .. ~. -

142. ICONTmICON7+I
143. C PUNCH CONTINUATION OF CONNECTION CARD
144o WRITE(793)JCONTIG(T).IG(g)
145. 565 CONTINUE
146. C INCREMENT ELEPENT ID
147. IELoIEL*1 - -

148. C KEEP GOING TILL WE HIT THE CUTOUT
149s Go TO 490
150. C IF WE DON'T HAVE A POINT NEXT TO THIS ONE PUT ONE ON THE CURVE
151. 58C YYw.DSQRt(RADIUSs*2.X*$2)
152. C TRANSFORMING FROM ORIGINAL 7O MODIFIED RECT COORD SYSTEMi
153. XXMODaYYOHT2..-
15'.. 'MOD(1)wZ(1)
Isse ZmODmX
156. WRITE(7,1) IGRID.XXMD.oYMODC ). ZHOD

160. JGRI~uJGRID#IOOOO
1619 585 CONTINUE
162. C STORE GRID ID
163o JLASTaJLAST41
164o LAST(JLAST)*IGRID
165. C INCREMENT GRID ID- .

166., IGRIDaIGRIO.1
167s JGRIDwIGRID#1OOOO
16h. Go TO 590
1696C
170. C WE'VE HIT THE CUTOUT* SO GENERATE
1719 C A GRID POINT ON THE .CURVE OF THE CUTOUT
172. C WE'RE ABOVE THE 45. SO kaVE IN THE V-DIRECTION
173. 560 Y(1)oDSQRT(RADIUS**2X1**2)
174o GO TO 570
175. C WE'RE BELOW THE 45 SO MOVE IN THE A-DIRECTION
176. 480 XsDSQRT(RADIUS**2-Y11)**2)
177. 570 YYw-Y(1)
178. C TRANSr-ORMING FROM ORIGINAL TO MODIFIED RECT COORD SYS7EPM
179o XXMODaVY*HT2

ISO, YMOO(1)wZ(1)
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161. 2MODwX
182. WRIIE(7,1)IGRID.XXPIOOYt O(11.ZHOO
163. 00 575 1*29LAYERG
184. - VMOD I) aZ( I)
185. NiRITE(7,1)JGRI~oXXiDDYMOD(I).Z0DD
186s JGRIDaJGRID*10000
16?. 575 C0NTINL.a
18e* C STORE GRID 10
169. JCUR*JCUR.1
190. -. ICURIJCUR)IRID... ____ -.-

191. INCREMENT GRID IO
192. IGRID6IGRID* I .- -- -

193. JGRIOUIGRID*lOOOO
194. C IF THIS IS THE FIRST LINE OF GRIDS# CION'T GENERATE CONNECTIONS
195. IFI(t)oEO.)GD TO 530
196, C 010 WE CROSS A LINE OFGRIOS.__-
197. IF(ISAVE*NE*XLAST)GO TO 500
196. C WE DIDN'T CROSS A LINE OF GRIDS SO
199. C GENERATE A QUAD ELEMENT
200. C FIRST SET UP THE GRID ORDER.
201. IG(1)mICUR(JCUK)
202. .It)IURiU,)~

203. IG(3)uLASI(JCU.R-1)
204s IGI*)uLAST(JCUR)
205s ICIS)'I~l1)*I0000
206s 16(6)uI6(21#10000
207. IG(7)oIG(3)#IOCOO
208.....IG(G) IG(4).QOO-. .- --

209. ,ELvIEL
210o IPSOLmIPSOL
211. 00 576 JoIsILAYERS
212a IF(JoEQ*1)CD 10 576
213. JPSOL&JPSOL*I0
2140 . ELoJEL4IOO . ---- -.

2159 00 577 K*l.8
2160 IC(K~ulG(K)41000
217, 577 CONTINUE
218s C PUNCH CONNECTION CARD
219o 578 hoRITEt7.2)JEL.JPSOL.IIG(1).I1.16),ICONT
220. C INCREMENT CONTINUATION fIEJD_- ---
221. .CON~sICONT
222% 1CON791CDNT'1
2230 C PUNCH CONTINUATION OF CONNECTION CARD
224, %RITE(7.3)JCONT1017)o1Gt6)
225* 576 CONTINUE
226o C INCREPENT-ELEMENT. .........-
227. IELvIEL.1
228. GO TO 530
2290 C
230. C NE CROSSED A LINE OF GRIPS SD WE NEED A TRIANGULAR
231. C ELEMENT INSTEAD OF A QUAL ELEMENT
232o C .FIRST SET UP THE GRIDOlcIER.
233o 500 16(1iaICUR(JCUR-1) --..

2349 1G(2)wLAST(JCUR-1)
235. 1Gf31'ICUR(JCUR)
236. IG14)slG(13.10000
237. IG(SlalG(21*10000

~~ 1 ~ 238o IG(b)slG(31+10000 ....---.-

239o JELwIEL
240o .PSOLsIPSOL

241o 00 505 Ju1.LAYERS
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242. IF(1J.E..1) GO TO'507"
243o ~ JPSOL&JPSDL*20
241t. JtL'JEL*10000
245. DO 56 K8196 . ..

2',6. IG(K)uIG(K)*I0000
247. 506 CONTINUE
248. C PUNCH CONNECTION CARD ----

!49. 507 WRITE(7.4)JELJPSOL.(IG(1)91ml,6)-
250. 4 F0RMAT7'CPENTA 99818)
251. 505 CONTINUE - ----.-

252. C INCREMENT ELEMENT 10
253o IELvIEL~l
254& C SAVE LAST I AND Y VALUES -

255. 530 YLAS~cYSAVE - 4

256. XLASTwXSAVE
257. C N~OW MOVE CURRENT GRIOS-.70 LAST GRIDS ...
258. DO 510 I*IJCUR
259. LASTlII~ICURCI)
260o 510 CONTINUE
261. JLASTmjCUR
262. C RESET CURRENT GRID COUNTER

2649 C MOVE UP A LINE
265o IFV.NGLE*GI.PION4)Y(1)FYSAVE
266. Yt1)oVi1l*DELTY2
267. C ARE WE AT THE TOP OF THE CUTOUT?
268. IF(Y(l)*LY*(RADIUS*TOLER))GO TO 430
269o C -. START,GOING UP. IN.-THE-YOIRECTIDN UNTIL. WE.Y.RAHE TO-.--
270. C START AT THE LEFT EDGE

272. Go TO 475
273. 420 X&WIDIH
274. C GENERATE NEXT LINE OP GRin POINTS
275. IENDw0O.-.-.-.- . . . . -

27. C TRANSFORMING FROM *ORIGINAL TO MODIFIED REC7 COORD SYSTEM.

28 _ RITE t7o.lGI 1 XMDYW.).lO...
282a CO 445 1a2*LAYERG
286 VMOD(I)*Z(I)
254. WRITE(791)JGR10.XXNOD.YMOD(I).ZHOD
285. JGRIOUjGRID*100OO
286. 445 CONTINUE
267. C SAVE GRID I0D'S FOR..ELEMENT~ CONNECT.IONS.. . . . .-

286 JCURxJCUR*I
209o ICURtJCUR)sIGRID ---.

290. C INCREMENT GRID IDIS
- 291. ICRIDRIGRID~l

292o .GRIDwIGRID*I0C3O
293. C SEE IF THERE-IS A..POINjYLXT.TTMSON

294. IF tjCUR*GloJLAST)GO TO 452
295. C HOVE TO THE RIGHT ONE INCREMENT AND REPEAT
296. 451 XsX-OELTAX

f297. IF(XoGT.TOLER)GO TO 440
298.j C PAKE SURE WE GET THE RIGHT EDGE
299v . IF(IENDoEO.1)GO YO 5O....
300. X8O0
301a IEND'I
302. G0 TO 440
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303. C
30'.. C GENERATE ELEMENT CONNECTIONS
305. C
306. .450, D0 460 j~~JL~.
307. C FIRST SET UP THE GRID POINT ORDER
308. IG(I).ICUR(I) - -~

309. IG(21-ICUR(I-1)
310. IG(3)uLAST(I-1) - .

311, IG('.)uLAST(l)

313. IG(6)uIG(2)+10000

315. ID7s 1)10000.. ... -

316. JELmIEL - -

317. .IPSOLvIPSOL
318, DO0. 4.55 .ksl sLAYER.S -.
319., IF(KPEQ*1) GO TO 4.57
320. ~ JEL*JEL*10000 , . - --

323s * JPSOLuJPSOL+I0
322. D0 4.56 Lal, p8.
323o IC(aLtu(L)+10000

325. C PUNCH CONNECTION CARD
326. '.457 NRITE(7.2)JEL.JPSOL;f16(J),J.196).ICONT-
32?9 C INCREMENT CONTINUATION FIELD f
328o JCDNTICONT -.

329o ICONTs1CONI'1
330. .C - PUNCH CONT IN4YATN.OFC ONNECTJON.C ARP ____

331. WRITE(7*3)JCONT91t17)91G(S)
332. 2 FORMAT(ICNEXU $0I 81'oIM
333. 3 FORMAY00*'179218)
334o 455 CONTINUE
335. C INCREMENT ELEMENT 1D
3369. - IELwIELtl
337. 4.60 CONTINUE
336. C MOVE CURRENT LINE Of GRIOS,!O LAST LIME
339. 00 '.70 1.1 .JCUR
340. LASYtl)oICUR(l) - ...-.

341. '.70 CONTINUE
342.....,LASTmJCUR...-
343. C MAKE CURRENT LINE EMPTY
344o. JCUR*0 .

345. C MOVE UP A LINE
346s 475 V(l)*Y(l)*DELTY2
347, C HAVE WE HIT THE TOP YET?
348.s IF(t).LT.(H.2-OLERIQOJO '.20
349. IM(ENO2.EQ.I)GO TO 600
350. IEN02s1
351. Y(l)wHT2
352. GO TO '.20I353a C IF WE DON'T HAVE A POINT NE1T TO THIS ONE PUT ONE ON TKE CURVE

C*4 '52. YY..DSCRT(PAD IU$,"2-t4"A_)
355. TR7ANSFORMING FROM ORIGINAL TO Mb1F'IED ETOR SYSTEM- -
356. XXMODaYY*NY2
357. YMOO(IOuZ(1
358. ZHOD81
359. bRIE(7.i!)GIDlXXMOD.YMOO(1).ZMOD
360o 00 '.53 la2oLAYERG .. ...-
361. YMODtI)mZ(I)
3620 hRITE(7.1'$JGR10,XXMOD4 YHOO(I~.Z0

363e JRIDuJGRID*10000
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36'4. 453 CONTINUE
365. C STORE GRID ID
366. JLASTaJLAST*1
367. LAST(JLAST)uIGRI.- -

368. C INCREMENT GRID IC
3699 IGRIDaIGRID+1
370'o JGRID-IGRID#10000

371. GO TO 451

372. 600 IGRIDu(IGRID/.1000.I)*1OOO.I

373. .JGRIDvIGftDIO.OO0-. _____

3749 IELu(IEL/I10+I,1*100O+1
I a 375o XLASTsXX .- -.---.-.- .. . - - -

376. IEND2.0

379. C .GENERATE.FIRST PIE~...WITlj CUTTIN IT*
380. C
31. C- ...- - .-El382s C
383s C START AT THE LOWER LEFTHAND CORNER
38'.. C THEN HOVE TO THE RIGHT UNTIL WE HIT THE CUTOUT
385. V()uDELTAX.
3869 30 XuWIOTH
387. C GENERATE FAR LEFT GRID POINT
388. C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEMIL389. XMOD(1)'Y(1)*HT2
390s YMOD(1)SZtI)
391. . ZMODwX.
392o WRITE(7.1)RGRZDXMCD(1).YMOD(Ii;ZMOD
393o 00 95 la29LAVERG
394a. YMODII)oZ(I)
395s WRITE4711)JGRID.RHOD(1).YMOD(I),ZMOO
396. ~ JGRIDwJGRID#s1000

9397. 95 CONTINUE __

F398o C STORE GRID ID
399o JCURsJCUR41
'.00. ICUR(JCUR)&IGRID
'.01. C IF FIRST LINE OF GRIDS PICK UP GRID * FCR LAST LINE
'.02. IF(Y(1).o~oDELTAY)LAST(JCUR)uMOD(IGRID,1000)
4.03. IF(Y I I E.*EL TAY) JLAS.T.(JC.. .
4.04. C INCREMENT GRID 10
'.050 IGRIO.IQRID.1
4.069 JGRIDuIGRID410000
407# C MOVE TO THE LEFT
401a 90 XwX-DELTAX
4.09. c~ SAVERI ANDY V
4.10. XSAVEmX
'.110 YSAVESYI1)
412. C ARE WE PAST THE 4.57'
4.13o ANGLEa0ATAN(Y( 1)/X)
4.14o IF(ANGLE.GT*PION'.)GD TO 140
'.159 C BELOW THE '.5
4.16o C FIND D1STANCrO6WU VU
4.170 IF(Y(1)*GT.RADIUS)GO TO 150

4 '18. 0IST.X.DSQRT(RADIUS$*2-Y(I)**2)
'.19. C ARE WE WITHIN TOLERANCE FROM THE CUTOUT
420o IF(DIST.LEeTOLER)GO TO 80
421. C 0G TO 150 __

4.229. ABOVE THE 45
*23s 1*0 IF(X.CToRADIUS)GO TO 150
4.24o OISTsY(1)'ODSQRT(RADIUS**2-X**2)

129



4n5. IF(DIST*LE.TOLER)GCTO 1i6 -

426. C 1NOT AT THE CUTOUT YET SO GENERATE NORMAL GRID POINT
427.9 C TRANSFORMING FRCY ORIGINAL TO MODIFIED RECT COORD SYSTE
428# 150 XMOO ( II *Y I) *HT2
42io. YMOD(1)aZ(1)
430. ZMODUX
431. bRITE(7.1)IGRIOXMOD(I).YMODIl);Z40..............

432. 00 155 1.29LAYERG .- . - .- - -

437,C NSTREMNTIDID 3'

439IFU(JCURiGLSTG T 5

4409C I FIRST SET E UP ROPC ,GRID ION FRDE LAS LIE_ _
4 190 IF(1t)LAST(JCUR)LAT . - MD.GRD100
442e IF(12)LAST(JCUR-)JA*CU

457. IGRIR(4O100
445e. JPSOmIGIeIPO O

461. IF(J.EG.1) ATGO TO 1

45 19 IG(K)wAS(JCUR000
4516. 16 CNTIUEATJCR

450 16 hRITIC,2)JELJSOdG()13.)CN

441 ICON)§ICq)ONT.

473o IE(7631*CNT36()d0S

44. D 165 CONINUE ER

4710 I(*I GO TO 07

4005 0 YIw.DSQR(RI**2.X**

460 C TRANCHFOMNGCTRON ORIGND T OIIDRC OR YT

470s IXON~sYCsT......- . -~. --- -- -- --

485. NRITE(7*3)JIGR I?)IO.X4DYO(12,H

476 .-- :v-'E- - -



486. 00 185 Iu29LAYERG
487* YMODII)uZ(I)

'.88. NRITE(7.ZIJGR!D.UXMOO.YMOD(I),ZMOD
4809 0 JGR I DJGRI 010000.. .~

4.90o 105 CONTINUE
491. C STORE GRID I10 . *

'.92i ~ JLAST.JLAST*l
493. LAST(JLAST)aIGRID
'.949 C INCREMENT GRID 10
495A.- AGIC Dp1GRIDI_______
4.96s JGRI~sIGRID+10000
497. Go0T0190 . - - .. . ..

498s C
4.99s C WEOVE HIT THE CUTOUTs 10 GENERATE.- - --

500. C A GRID POINT ON THE CURVE OF THE CU70UT
501.-C -. - ERE ABOVE TH E.A 5s-JDJ1DEJNJHEY-QJ R C T0L....... Ott
502. 160 Y(I)uOSQRT(RAOIUS4*2-1**2)
03* Go O 2 70

50'.. C WE *RE BELOW THE 4.5 SO MOVE IN THE X-DIRECTION. .....----
505., 80 XsDSQRI(RADIUS*2.Yt1)**2),
506. C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM
507.. .170 1.4iOUP1)u()~1TZ....
5OB. YHOMOD)Zil)
509. ZM00ux
510. bRIVE(7*1)IGROWDj.fO()ZO
511. D0 175 Iu20LAYERG . .. *.-

S12. YMOO(I)'Z(I)
513... . WRITE(7,)GIMOU,!iDI)ZO

51'.0 JGRIDSJCRID*IOOOO
515. 175 CONTINUE .

516. C STORE GRID ID
517. JCURNJCURs1
sib* ICUR(JCUR)MIGRID -- .- .

$10C. - F FRST LNE-F ROS.9PjC.UPO ..FORL YjlE

521s IFfY(1)sEQ*0ELTAV)JLASTmJPUR. . . . - .

5224 C INCREMENT GRI0 3DOS
523s IGRID*ICRIDs1
52'.. 4Cf0I04104ID10000
525o C -.. 010. WE CROSS.....LINEf.Of SJD?____
526, IF(XSAVENElLAST)GO TO 100
527. C WE DIDNOT CROSS A LINE OF GR10DSO -

528. C GENERATE A QUAD ELEMENT
529. C FIRST SET UP THE GRID ORDER
5309 IC(1)*s&AST(JCUR)
531. IG (2 1 LASI (JCUR1L......... I-.~
532. 16(3)*ICVR(JCUR-1)
533. IG('.)oICUR(JCUR)
53'.. IG(5)IGM*)10000
535. IC(6)*IGIZ)*10000
536. 16(7)*IG(3)*10000
537. IG(SIZIGOt)1O0.____-----
538. JELsIEL
539a JPSOLwIPSOL
540. 00 176 Jul .LAYERS
541. IF(J*EO.1)GO TO 178
542., JPSOL.*JPSOL*IO
543. JEL*JEL*10000. - . ..- . . ..

544, 00 177 Ku1,8
545. lGtK)sIG(K)*10000

5460 177 CONTINUE

131



5'4?. C PUNCH CONNECTION CARDO
5'.8. 178 bRIEI72)JELJPSOL.(IG(I),Iu1.6).1CONT
5490 C INCREMENT CONTINUATION FIELD
550.. . JCONTaICONT...... __ .-.--.

551. ICOWT81CONT~l
552. C PUNCH CONTINUATION OF CONNECTION CARD

~ j553. WRITEl793)JCONT91Gf7).IG(8)
554. 176 CONTINUE
555. C INCREMENT ELEMENT I10. .

556.....IELBIEL*1. ____

557. Go TO 130
55S. C
559. C WE CROSSED A LINE OF GRIDi SOb WE NEED *A TRIANGULAR
560. C ELEMENT INSTEAD OF A QUAD ELEMENT ..

561. C FIRST SETUP THE GRID ORDERi:~ I 562. 100 1IG(1) %LAT WCURI)... ....

563. 1G(2)%3CUR(JCUR 1)
564. IG(318ICUR(JCUR) -.

5659 16441ulGtl)*10000
566. IG(5)IG(21#10000
567. IG46161613)010000
565. JELSIEL
569. JPSOL*IPSOL
570. 0O 105 Jal ,LAYERS. .....
571. IF(J*EG*1) 6O TO 107
572o ,PSOLvJPSOL*IO
5730 JELOJEL*10000

575. IG(K)@1G(K)*10000
576. 106 CONTINUE
577. C PUNCH CONNECTION CARD
575. 107 IREt74)JEL.JPSDLetIG(l).Is1,6)I?579. 105 CONTINUE
550. C INCREMENT L ELI
551 IELwIEL*1
552. C SAVE LAST It AND Y VALUES...
$1)* 130 VLASTwYSAVE
54* XLASTaISAVE
5os. C NOW MOVE CURRENT GRIDS Tb LAST GRIDS
556. 00 .D 110.1 JCUR~ .-.......

557. LAST(Ile IC URMI
555. 110 CONTINUE
5590 JLASTaJCUR
590. C RESET CURRENT GRID COUNTER
591. JCURw0
5920 C MOVE UP ALINE ~-
593o IF( ANGLE.AT *PI ON4 IV( 1'VSAVqE-
594. VillaM1).ELTAY
595. C ARE WE AT THE 7OP OF THE CUTOUT?
596. IF(Y(1hLT(RAWUSTOLER))GO To 30
597. C START GOING UIP IN THE Y-DIRECTION UNTIL WE MIT THE TO00
595.* C..- START AT TIHE LEFTEADGE
599. V41)e*flI)-DELTAY
600. GO TO 75
601. 20 InWIDTH
602. C GENERATE 44EXT LINE OF GRID POINTS
6030 IENOO
604. C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTE.M-
605. 40 XMOD(1)8VlI)*4Ti2
6069 VHOD()8ZIl)
606's IHOD*X
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608. WRITE(791)IGRIO,XNODC1).YMOOC1)i,ZODD
609. CO 45 1*2*LAYERG
610. YMODtI)*2(I)
611. .WRITE (7s1)JGRIDX,0Dt1JYMOD1I) .ZHOD..
612. JGRIDniGRID*10000
613. 45 CONTINUE
614. C SAVE GRID ID'S FOR ELENE-4T CONEiCTIONS -

615. .CURJCUR#1
x616. ICUR(JCUR)sIGRID
'p ~~617. C. .NCREMENT RID J .. .. . -

618o IGRI~uIGRID#1
619. %IGRIDNIGRID*10000.I 620. C SEE IF THERE IS A POINT NEXT TO THIS ONE - -- -

621. IF $JCUR*GT.JLAST)GO TO 52
6226 C POVE TO THE RIGHT ONE INCREMENT AND REPEAT
623. 51 XaX.DELTAX .,- . .. . . .

624o IF(X*G7TTLER)CO TO 40
625 C MAKE SURE WE GET THE RIGHT EDGE.
6260 IF(IENC*ElO.1)GO TO 50
627. X6060 ..

626 lENDN)

630. C
631. C GENERATE ELEMENT CONNECTIONS.-
632. C
6339 50 DO 60 1u29JLAST. -

63*. C FIRST SET UP THE GRID POINY ORDER
635. .. IGUIMAST(l.. 1_

637. 1013)NICURtI.1)
638. IG(*)UCUR(I)
639. . IMO)IGMR410000 .

640. 16(6)8I6(21+10000

6*12 . IG(7)mIG 3)*100 0 ...

643. ,ELaIEL
644o JPSOLmIPSOL
6*5. DO 55 Ku1,LAVERS........
6*6. IF(K*EQ*1) 60 TO 57

648o .PSOLsJPSOL*10
649. DO 56 0*196.
650. I6(L)-vlG(L)*)0000
651. 56 CONTINUE
652. C PUNCH CONNECTION CARD
653. 57 ltRITE(7,2),IELsPSOL9(lG(J)*J.1,6),I1CONY.-~. -

65*. C INCREMENT CONTINUATION FIELD
655. JCONTulCONT
656. ICONT*ICON7*)
657. C PUNCH CONTINUATION OF CONNECTION CARD

*658s biRITE(7s3)JCONT*16(7)91G(8)
659. .. 55 CONTINUE - - -..--- - - .-

660. C INCREMENT ELEMENT ID
661. IELaIEL*1
662. 60 CONTINUE
66:1. C POVE CURRENT LINE OF GRIDS TO LAST LINE
664o DO 70 lIsJCUR

t666. 7 CONTINUE
667. .LASTvJCUR
668. C 14AKE CURRENT LINE EMPTY...
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669. iCUltoo
670. C MOVE UP A LINE
671. 75 Y(1)BY(1)+OELTAY
672. C HAVE WE MIT. IHE.70P...YETI..
673. IF(Y(1)*LTs(LEGX-OLEt))GO TO 20
674. IF(IENO2*EQ*1)GO T0 20Q...~..
675. IENO?'1
676. Ytl)*LEGXl .-.I....

677. 60 TO 20
678. C.-... A F. ME. DON!1 1AY
679. 52 VYe*OSQR74RADIUS**Z-X*02)
680. C TRANSFORMING FROM.ORIGIINAL0 "OOIFIED RECY COMRO SYSTEt_

685o 00 53 T.LAYERG

687o RI7E(aIGRI1 . .. - . . . .. 0.
6860 JORI~eJORI00000

69, C,,..T~-R~.-
699. C END ~F PIST PEC
690.C INR1ET RD.

671 C

70as C. ..

703. C GENERATE THE 90-DECREE BEND
7040 C
705. C FIRST ESIASLISH A CYLINDRICAL CO-DOIINATE SYSTPE14-
70b. 200 14090.........~
707. LECRUHTZ*LEGXI
708.... -

709. LfCYLEGY
710. WRITE47.201)LECX.LECYsLECZ.LEGYICDriT
711. 201 FORNAIPOCORDZC *S.10.X2S45.00.F..X'.*

*1-712o 017)
713. ,CONTsICONT
714. ICONT&ICONT.1....- .

715. WRITE(7*2021qJCON1.LECXP1vLECV
716s 202 FORMAT(l.'.17.2F6.4*5X%9090*)
717 * C SET INITIAL VALUES
718. IPSOLuRPSOL41
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?30. 2MOD2(1)vWIDTH-Z(1)
731. WRITE(7.203)IGRIDR(l ).THMDZMOD2(1)
732e 203 FORMAT(GRID 'I89SX.10,3F894)
733, .. 00 225 lu2 *LAY ERG.__ -.

734. WRITEI7o2O3)JGRID.R(I)THMODDZMD02I1)
735. *.IGRI~aiCRID*10000
736. 225 CONTINUE
737. JCURsJCUR+I
738. ICUR(JCUft~mIGRID
739. -IGNIO&IGRIDo.j -

740. .JGRIO'IGRIO4IOOOO
741. Z(1I) .O*ELTAX
?42o IF(Ztl)L.(WOTH-TOLER))GO TO0220- -

743o C MAKE SURE WE GET THE EDGE ..

74. IFfIEND*EO.1)GO TO 210
745. Zt1)uwIOTH __ .-

746o IENDel
747. G0OTOZ 220.
746. C GENERATE CONNECTIONS
749. 210 DO 230 ImZ.JCUR
750. C SET UP THE GRID POINT ORDER

752. I0(2)OLAST(I*11
753. I643)BICURII.-
754, 1914)OICURII)
755. IG(5)w3Gf1).1000C
756. IG(618IG(2)*10000

758. 1648)816(41410000
?59. JELvIEL ---

760. JPSOL.IPSOL
761. 00 215 Kn1.LAVERSL762o IF(KsEto.)GO TO 217
763o JELoJEL*10000 __

K764. JPSOLuJPSOL410
765. 00 216 La1.S - -

766. IC(L0uIG(L)0000
767o 216 CONTINUE
768. C PUNCH CONNECTION CARD
769. 217 NIE72JLJSL~~)~)6pCN
77C. C INCREMENT CONTINUATION

7 7710 ~ JCONTSICONT
772. ICONTuICONT*1
773a C PUNCH CONTINUATION OF CONNECTION CARD

4774o kRI7E(7s3)JCONTvIGf7)*IG(8)
775o 215 CONTINUE
776. C INCREMENT ELEMENT 10
?770. IELvIELsi
778. 230 CONTINUE
779. C MOVE CURRENT GRIDS TO LAST GRIDS
780. 00 240 Ia1.JCUR
781. .. LASTiaICUR(l)
782o 240 CONTINUE
783o qJL&STsJCUR
784. JCURw0
785. C INCREMENT ANGLE
7866 THETAwTHETA#OELTAT
787e IF(THETA.LT.899955)GO TO 250
788. IF(IEND2.EQ.1)GO TO21.. ..... - -- .

7890 IEN02al

790. 7HE7Au90oI
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791. 60 TO 250
792. C
793. C END OF 90 DEGREE BEND

7976 C START OF BOTTOM PIECE(NO CUTOUT)

Bo*C INITIALIZE. CONSTANTS.-- - ----..-- -

$046 Y(l)sLFGX14SEND
8050 D 245 l2,LAYERG

607. 245 CNIU
SOS, C SATGIGDOWN IN THE Z-OIRECTION UNTIL WE NIT THE bOTTOM
609. C START AT THE LEFT EDGE
610. Z(t1)LEGY-DELTAZ -

611. 320 RuWIDYH
612. C - GENERATE NEXJULjINE Q;u.P.ts
613. IENO
614. C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORO SYSTEt
615. 340 XMOD(1)uY4I)414T2
616. vMOO(I)sZOl).

also WRITE (791) vM0LY~D.)ZMOOD.
619. 0O 345 1*2*LAVERC
620. XMOO(1)sY(I)*HT2
621. WRITE(7.1)JGRID.XMOD(l).YMOD(1).ZMOD
622. ~ JGRIDSJGRID.1OOO0
8239 345 CONTINUE
324. C .SAVE GRID ID'S .FOR- LEMEPTCONNECT ION$---.
625. 1 CURJCUR#1
626. ICURIJCUR)*ICRID
627. C INCREMENT GRID ID'S
626. 1GRI06IGRID*1 -.

629. JGRI~mIGR1D#10000
6130e. C H OVE TO THE RI6HTJ..NE.MCREN AND.REeEAT.-- -

631. XwX-DELTAX
632. IFIX*GT.TOLER)GO TO 340
6339 C MAKE SURE WE GET THE RIGHT EDGE
834. IF(ENDoEgs1)G TO 350.
635. Im0os
636. IENDul . .

637. Go To 340
636 C
639o C GENERATE ELEMENT CONNECTIONS
640. C
641. 350 0O 360 1a2.JLAST
842, C -FIRST SET UP-THE-GIODP!NT-.ORDER........ -

843o IC(1)mLAST(1)
3440 IG(2)wLAS7(1.1)
645. 16f3)BICUR(I-1)
546. IG(4)ICURMI
647. IG(S)SIGt11*10000
848o IG(61ulGZ)41000O--_- - -

849. lGI7)sIG(3)#10000
650. IG(8)8IG(*)+1000
651. JELsIEL
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852. JPSOLuIPSOL
853. DO 355 Kw1,LAYERS
a54* IF(K.EQ.1)GO TO 357
855. .JELaJEL*10000
856. JPSOLuJPSOL+ 10
857. DO 356 L*1,8..S
856. IG(L)uIG(L)+10O00
859. 356 CONTINUECAD-- ..- -

860. C PUNCH CONNECTION CR
861A. -357 WRITE (7,2)JELs JP$OLjl.I.0ll)p,!1j96)., ICONT
862. C INCREMENT CONTINUATION FIELD
863. .ICONTsICONT-
86'.. ICONTvICONT*I
865. C PUNCH CONTINUATION OF CONNECTION CARD --

866. hfPITEl7*3)JCONT91G(7)vIGI8)
867s. -355 CONTINUE--- ... ____-___ ___

66. C INCREMENT ELEMENT 10
869. IELsIELsi------------
870. 360 CONTINUE
871. C MOVE CURRENT LINE OF GRIDS TO LAST LINE
872. DO 370 IvlJCUR
873. - . LAST (1), CURS I. ...... _ __ .___-- __

874. 370 CON7INUE
875. JLASTwJCUR
6769 C MiAKE CURRENT LINE EMPTY -

8770 ~ JCURu0
878.* C MOVE UP A LINE
879.. Zt1)wZ(l)-DELyAZ.
880. C HAVE WE MIT THE BOTTON YET?
$$I* IF(ZfI)GTTOLER)GO TO 320
862o IFIIEND240eQ.)GO TO 120
883. IEND?')
$84 ZM8uO0
885. GO To 320 ___

886e C WERE DONE WHEW
8870 C SO DUMP THE SUFFER__
888. 120 ENOFILE ?
6819. C AND GET THE HELL OUT -

6900 STOP
691. 900 WITE69011..-... -- AE PCFE'
692. 901 FDRMAT('-***ERROR*** TOO MANY LYR PCFE'
893. STOP -

8949 END
895e //GD*FTOFOO1 DO OSN.CN900004.SSSC88LKXFUNITWYL8UR.DISP(CATL G)
896a /I SPACEu(TRX (10 10) RLSE) 0E't(RECFMaFBLRECLa8OBLKSIZEa31Z0l) L

698o &PARAMS LEGXImO.27.LECYcO.51.WIDTHuO.5,RADIUS O.25,OELTAY O09.
8990 DELTAXUO.1.TOLERsO.015.OELTAI-15.0.SENDaO.125.

900. Ttl)oAf.1259 IPT

901. DELTAZvO.17 #LAVER Sol *ELT2w0.330,T28O4 DT

(ALSO SEE FIGURE B-13)
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APPENDIX D

C-i PREPROCESSOR FLOWCHART

BEGIN Cl B

INPUT IPARAMETERS 1-2

ECHOz 'w
•S

YES #LAYERS
> 25 OUTPUT

GRID
6 CARD

64 NO

LAY ERG-,# LAYERS I INCREMENT
GRID ID BY
10.000

INITIALIZE Z
CO ORD VALUES
FOR ALL GRID.
POINT LAYERS -1*1

IPSOL 1
SOLID AID NO
IDENTIFICATION* I> LAYER T

YES

iSAVE GRID ID

FOR ELEMENT
X - WIDTHCONNECTIONS I

INCREMENT GRID J4

D ID

TRANSFORM TO
NEW CO-ORD
SYSTEM

X X -DLTA

OUTPUT
GRID
CARD

SAVE X, Y
COORDINATES

138



C-1 PREPROCESSOR

2
B2

INN
PAST NO X-1 .IIARE W YES COMPUTE NEW

NO: W DIRIARE

0 F TH E
450 ON THE WNRIN TOLWER X CO-CORD ONH IN TOL
WASHER OF T14E CURVE OF WASHER

WASH ER

No

WASHER

YES NO

IN COMPUTE NEW
Y-DIR ARE WE YES

WITHIN TOLER OF Y CO-ORD ON

WASHER 
CURVE OF WASHER

0
O

OUTPUT
GENERATE COMPUTE NEW GRIDUTPUTGRID 

CURVE CARDSCARDS FOR ALL Y VALUE ON CAR DSF 0 R ALLOF WASHER FOR ALL
LAY E RSLAYERS LAYERS

SAVE GRID SAVE GRID ID
ID FOR ELEMENT OUTPTU GRID I-OR CONNECTIONS
CONNECTORS CARUSFOR

AC ASTYERALL LAYERS INCR GRID ID
INCR GRID ID

SAVE GRID 10

YES FIRST FORINTER FIRST YES
LINE OF - - - - - - - LINE OF

GRIDCARDS GRID CARDS
INCR GRID ID

0 

_ 

H 
_

SE T Up CONN

NO NO 3
J4 82

PN 

r 

0 
YESNO Y ES

IS THERE A NO DID YESGRID POINT SET UP CONN %vE CROSS A LINE

ORDER 

FOR

U I
ABOUT TO TWO ORDERFOR OF GRID PTSUL S

ONE CHEX
C HE 

X
Ei ENTELEMENTTRL U

YES 3 PNO
YES 

NO 3

I B2

82

OUTPUT
CHEX
CARDS

INCREMENT
ELEMENTID
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C-i PREPROCESSOR

3 3
82 83

SET UP SET UP
CHEX CPENT
CONNECTION CONNECTION
ORDER ORDER

OUTPUT OUTPUT
CHEX CPENT
LABELS FOR LABELS FOR
ALL LAYERS ALL LAYERS

INCREMENT INCREMENT
3 ELEMENT ID ELEMENTID

SAVE LAST
X & Y VALUES

MOVE CURRENT
LINE'S GRiD ID'S
TO LAST LINE'S
GRID ID'S

Y Y + DELTY2

4
C2

Y = Y - ELTY2
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C-1 PREPROCESSOR

42

C U R R EN T LIN E'S A G I T N O P T E
4 GRID 10'S TO LAST A GIDPTAOMUE ONE

YYES

X~ TOLEDT
YEN 0T OE i RDI

aN
IN(N

YE
YE 14

YE IEN I I j



C-1 PREPROCESSOR

83B5

NEXT ~ TO ~ E OFMGRILSMENT ID0'S
TAKE CURRENT 3MELENlS

BUMP GRID & LINETONT10
ELEMENT IDST FGRID ID'S LAST

0~~~IN -OKE1V DETA

REPORT FROM INITIALIZEY

TO PEAL THETA -THETA+ VALUES FOR ALL

OUIPUT

FOR ALL
LORDL ESLAYERS

YESSORo THETA

BRACKETSAVE GRID
NO ID'S FOR CONN

INC. GRID ID'S
INITIALIZE RYE
LODRAMATER ED-I
FOR ALL LATERS1-

NO X -X DELI AX

THT ETTIEND2 -

CONN ORDER YES
X > TOLER

GNO

IEND ENO

GRIDELEMNTID82

ALL YESIIND I

X-0

Z -WIDTHIA~



IH 0.4 PREPROCESSOR

66
B2 8

OUTPUT

SETU CHE NOERROR
CASETU RCE MESSAGE
BASED ON 1

L END Cl
OUTPUT CHEX
CARDS FOR

AD AYERS

INCREMENT

INrREMENT!

NO
> END OF LINE

YES

MAKE CURRENT
LINE OF GRIDS
LAST LINE OF
GRIDS

Z Z-DELTAZ
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APPENDIX E

C-i MODEL PREPROCESSOR PROGRAM OUTPUT

LEVEL 21.8 CJUN 74. OS0/360 FORTRAN H

COMPILER OPTIONS -NAMEs NAIN,ODPTuO1,LINECNT.56,SIZEuOOOOK.

ISH 0002 DIMENSION ,NOIOXREFR(0O09I(8
ISN 0003 REAL*$ LEGXI PLEGY #WIDTH *RADIUS 9DELTAY ,OELTAXvT (26),TOLER *X*Y (26)

*P10N4 oX SAVE 9YSAVE *ANGLE 9DI STvXLASTYMAST *OELTATVVRXXOELTYZ 9
*EENDTHETAsZ(26)sOELTAZ.R126).HT2.XMOO1,XXMODXMODCZ6),
*'MODC26),ZMOO.ZM002426).THMODLEGXLEGXPX .LEGY

.1SN 0004' . . NAMELIST /PARAMS-LiEC1 .LLY eNW.TH ,RADIUS pOELTAX ,DEL.T.l,.t..-
*TOLER ,OELTAT .BEND .DELTAZLAYERS9
*DELTY29HT2

ISN 0005 DATA IGRIO/1i,JGRID/10001/.ICONTi//,JCUR/0/,JLASTi//.EL/1/
ISN 0006 DATA LEGX1,LEGY.WIDTHRAOIUSDELTAXDELTAY.TOLER/7*00/
ISN 0007 OATA T,'Z6*09CI
ISN 0006 8 . DATA DELTATsEND2*0./.0ELTAZ/0.0/,LAYERS/0/o-ELX~2*/*..
ISN 0009 DATA HT2/O.OI

C THIS PROGM 1S FOR GENERATING BULK DATA FOR THE FULL BRACKET
C AND IS CALLED PRE-PROCESSOR FOR Cl MODEL
C--
C READ IN PARAPETERS

ISH 0010 READ(9PARAS).~
ZSN 0011 FLYS*Q0LER-

C ECHO PARAMETERS
ISH 0013 WRITE(6,S)LEGX1,LEGVNIDTHRADIUS.OELTAV.OELTAXDELTATBEND,

- *1LER.DELTAZLAYERSoDELTV2,Hr2- .-.-.-

15W 0014, 8 FORMAT(I1PARAMETER ECHO@*/*IOLEGXlu *.T13,FS.4s/9
0' LECY10 'vT139F~s4s/v' WIDTH* It
*T130Fsk'io' RADIUS% '.T139FS.'..i, DELTA-V. 1,T13sFS.'.,/s
So DELYA-Xv *,113oPe.4o/sl DELTA-TU %*T13,FS.'., SENDO '*T13sF8.
**/to TOLERANCEN ',or-.*./, DELTA-2819TI39

* *O*F 9./90 LAYERS!!_&.T13sI89/9! OELTAY2atTI3sFSS,,Jil.EI!4T2s',
$T13,FS.I.

ISN 0015 00 996 Im1,LAYERS
ISN 0016 URITE(6*997) 197(l)
15W 0017 997 FORMAT(* LAVER-',IZ,' THICKNESSeleFS.4)-
ISN 0016 998 CONTINUE
ISH 0019 -.1 FORMAT( oGRIO_.. .,.5.,l~8sI3F6.4).. -. -. -.--.

ISN 0020 IF(LAYERS*GT*25)GO TO 900
C IN17IALIZE CONSTANTS

15W 0022 LAYERGuLAYERS.!
ISN 0023 Z11)OLECY*SEND
15W 002'4 DO 35 1u29LAYERG
ZSN 0025 I.(-)T(-1.... --. . .

15W 0026 35 CONTINUE
3SW 0027 IENl%2s0
ISN 0028 P1044s*831'159/M.
ISN 0029 IPSOLsl

C_
c~.- GEN~ERATE PIECE BEFORE iit FIS0IECEiMODEL CHANGE56/8

C
C
C
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C START AT THE LOWER LEFTHAND CORNER
C THEN .MOVE. TO .THEIIGHT_.UN TIL. E H11T. THE CUTOUT

ISN 0030 Ytl)80*0
ISN 0031 430 XwWIDTH - - --

C GENERATE FAR LEFT GRID POINT

ISN 032C TRANSFORMING FROM OR1GINAL TO MODIFIED RECT COORb SYSTEM

ISN 0031.....XO.Y~T2.....____-
ISN 0034 YMODI1)&Z(11
ISN 0035 ZMODRX
ISH 0036 WRITE(741)IGRIDXXM0DYMOO(ilZMOD --

ISN 0037 00 495 IuZ.LAYERG
ISN 0038 'VHOD(I)SZ(I)
ISN 0039 __..WRITE (7vI.)JGRID*X4QDI.X DU) *ZMOD _______

ISN 0040 JGRIDUJGRID*10000
ISN 0041 495 CONTINUE - .--. - -

C STORE GRID ID
ISN 0042 JCUR*JCIJR*1
ISH 00*3 ICUR(JCUR)%IGRID

C __--NCRETC I JL.. ..
ISN 0044 1CRIDwICR 10.1
IS9 00*5 JCRID*ICMID4IOOO __ __

C MOVE TO THE LEFT
15W 0046 490 XwX-DEL7AK

C SAVE X AND Y
JSd.007_ I, SAVE.X _ _____
15W 00*6 YSAVEmY(Il- - -______

15W 0049 IM(Y1)EQ.0.0) aXX
C ARE WE PAST THE 452

ISN 0051 ANGLEsDAYAN(YM1)X)
ISN 0052 IF(ANGLE*GI*P)ON*-)GO TO 540

......._ _C _ BELOW THE
10 C FIND DISTANCE FROM CUTOUT

F ISM 0054 IF(Y(1)oGT*RADZUS)6O 7O 550 -

15W 0056 DIS~mX-DSQRT(RADIUS**2-YII)**2)
C ARE WE WITHIN TOLERANCE FROM THE CUTOUT

I5W 0057 IF(D1SY*LE*TOLER)GO TO 4610
15W. 0059 G... O T50.... .

C ABOVE THE 45
15W 0060 540 IF(X.GT*RADIUS)GO TO 550
15w 0062 DISTwY(Il-OSORT(RAOIUS**2-1**21
15W 0063 RFIDIST.LE*TDLER)GO TO 560

C NOT AT THE CU7OUT YET SO GENERATE NORMAL GRID POINT
15W 0065 550 yva-y~l)

C TRANSFORMIN". FR.OM OR!iNi.TiO MODIF'IED RECT COORD VSE
ISM 0066 XXMO~aVYHT2
15W 0067 YMODI)aZ (1)
15W 0066 ZODUX
15W 0069 WRITE(7,1)IGRID,XXMODYMOO(1).ZMOO0
15W 0070 .00 555 3a2*LAYER;L _ _
ISN 0071 YMOD(l )OZ (I )
ISN 0072 WRITE(7,jIJGRID,XXMOOYMUDtI),ZMOD
ISN 0073 JGRI~u.,RID.1O00
15W 0074 555 CONTINUE
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IS ~ C STORE GRID 10
IS 0 5JCURJCUR I. ---ISN 0076 ICUR(JCUR)*IGRIDC INCREMENT GRID IDIS

ISN 0077 IGRIDsIGRID+l
ISN 0078 JGRID*IGRID+10000

C IF THIS I S THE FIRST LINE OF GRIDSo DON'T GENERATE CONNECTIONS
JSN 0079........F.Y(11.O.0.O)G.--A9-..-...-.-...*--

C MAKE SURE WE HAVE A POINT NEXT TO THIS ONE
ISN 00e1 IF(JCURoGT.JLAST)GO TO 580

C GENERATE QUAD ELEMENT
C FIRST SET UP GRID POINT ORDER

ISN 0083 590 IG(1)aICUR(JCUR)
ISN 0084 lG(2)aICUR(JCUR1......-..
ISN 0085 IN~3MOLAST(JCUR-l)
ISN 0086 1614)aLASTIJCUR) --

ISN 0007 Ijw)(!d I)*10OO
ISN 608b IG(6)atG(2)+10000
ISN 0089 1G17)mIGf3)4l0000
ISH 0090 1 G(8) *1G ( )±.1O000. .-- ***.

15W 0091 JELmIEL
ISN 0092 JPSOLvIPSOL
ISN 0093 00 565 JolvLAYERS,
ISN 0094 IF(J*EQ*l) GD TO 567
ISN 0096 JELaJEL*10000
ISN 0097 . .JPSOLuJP$OL*10-

15W 0098 DO 566 Kolve
ZSN 0099 IG(K)oIG(P.)+10000
ISH 0100 566 CONTINUE

C PUNCH CONNECTION CARD
ISN 0101 567 WPITE(7,2)JELJP5DL*tIG(I).Iu1.t),ICONT

C INCREMENT CONTJNUATJON FIfLk ~ .

ISN 0102 JCONTuICONT
15W 0103 ICONTsICONT41 1

C PUNCH CONTINUATION OF CONNECTION CARD B0
15W 0104 WRTE(73)JC~hTlG(7)*IG(S)
ISN 0105 565 CONTINUE

C INCREMENT. ELEIMENT IDQ_
ISH 0106 IELsIEL*1

c KEEP GOING TILL WE HIT THE CUTOUT
ISN 0107 GD O 70 90

C IF WE DON'T HAVE A POINT NEXT TO THIS ONE PUT ONE ON THE CURVE
ISN 0108 580 YYw-DSQRT(RADJUS**2-X**21

C TRANSFORMING FROMDRIGINAL TO MODIFIED RECT COVRO SYSTEHMCISN 0109 XXMODwYY#HTI
ISN 0110 THOOC I182 ()
ISN 0111 ZMODwx
ISN 0112 WRITE(7,IIIGRIDXXMDYMOO(1),ZMD
15W 0113 D0 585 1s2*LAYENG
ISN 0114 - VHD(I)*Z (1)
ISN 0115 WRITE(7,I)Jdt 1;XGD*%itO(I),Z0 -- -

ISN 0116 JGRIO~qJGRID*10000
ISN 0117 585 CONTINUE

C STORE GRID ID
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ISN 0118 JLAST*JLAS7+1
ISN 0119 LAST(JLAST)uIGRID

ISN 0120 IGRIDwaIlRID41 -

ISN 0121 JGRID&IGRID410OOO
ISN 0122 GO TO590., -

C
C WE'VE HIT THk.CUTOj,..SD GENERATE.
C A GRID POINT ON THE CURVE OF THE CUTOUT
C WE'RE ABOVE THE 45v SO MOVE IN THE V-D[RECTION

[SN 0123 560 YM*)aSQRT(RAOIUS**2-X**2)
ISH 0124 GO TO 570

C WE'RE BELOW THE 45 SO MOVE IN THE I-DIRECTION
ISN 0125 . 080 XmDS0RT4RADIUS**2,=Y(1)**2)............_
[SN 0126 570 yyu-y(1)

C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM
[SN 0127 XXNODaYY+HT2
1SN 0128 YMOO(1)uZ(1) -

ISN 0129 ZHiOD*X
ISN 0130 . WRITE (7a,1)IGR)DZXM-UDtYMOO1)jZMOD..
ISN 0131 DO 575 1s29LAYERG
ISN 0132 YMOD()aZ(I)
ISN 0133 WRITE(7,1)JGR[DXXMOOYMOD([),ZMOOD
ISN 0134 ,JGR[DvJGR[Dfloooo
ISN 0135 575 CONTINUE

A ~~C STORE GRID ......
ISN 0136 JCURwJCUR41
ISN 0137 ICUR(JCUR)*IGRID

C INCREMENT GRID 10'S
ISN 0138 IGR[DuIGRID.1
[SN 0139 JGR[ONIGR[D*10000

c. IF THIS [S THE FIRST..L[NE. OF GRIDS, ODt4'T GENERATE CONNECT3ODNS
ISH 0140 MFY(1).E0.0.GGO 330

C 010 WE CROSS A LINE OF GRIDS?
[SN 0142 IF(XSAVE*NE#XLAST)GO TO 500

C WE DIDN'T CROSS A LINE OF GRIDS SO
C GENERATE A QUAD ELEMENT
C F. FIR ST S ET UP. 7HEGRID..Q ER.. - -.- .

ISN 0144 [G(1)gICUR(JCURl
ISN 0145 IG(2)a[CUR(JCUR-1)
ISN 0146 IG(3)sLASYtJCUR-1)
ISN 0147 IG(4)sLASTtJCUR)
ISN 0148 [G(5)wlG(1)+10000
1SN 0149 1. I(6) a IGZ) * ICOOO...... . .-...

ISN 0150 1G(7)wIG(3).1000
ISN 0151 IG(8)u[G(4)ICaoo
[SN 0152 JELmIEL
ISN 0153 JPSOLwIPSOL
[SN 0154 DO 576 Ju1,LAYERS
[SN 0155 .. IF(J*EQol )O. O7 .... .. . . . .

ISN 0157 JPSOLsJPSOL*10
[SN4 0158 JELoJEL*10000
ISN 0159 DO 577 019.6
ISN 0160 [GM816M4K)10000
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ISN 161 577 CNIU
C PUNCH CONNECTION CARD

ISN 0162 578 NRITE(7i,2)JELJPSOLofIG(i).im1.6),iCONT
C INCREMENT CONTINUATION FIELD

ISM 0163 JCONTsICONT
ISN 016'4 ICONY.ICONY$1

C PUNCH CONTINUATION OF CONNECTION CARD
I1Sh oi165 - - MR ITE 0A3 =ONTjALOuL. 1..1.....___
ISN 0166 576 CONTINUE

C INCREMENT ELEMENT JD . .-

ISM 0167 IELmIEL+1
1SN 0168 G 0TO530 - .

C
- -C W. E. CROSSED A LINE-.DF..GRIDS .SO WE NEED A.JRIANGUL.AR.......

C ELEMENT INSTEAD OF A QUAD ELEMENT
C f-IRST SET. UP THE ORIDORDER -

ISN 0169 500 IG(1)aICUR(JCUR-11
ISN 0170 7G(2)vL&ST(JCUR-I)
ISN 0171 YCI3 ICURiJCIUR)
ISN 0172 .-

ISN 0173 iG(S)sIG42)*10000
ISN 0174. IG($M1G3)1000 ..

ISN 0175 JELvIEL
ISN 0176 JPSOLvIPSOL
ISN 0177 00 505 Ju1,LAVERS
ISN 01?S8 FJE.1G.0D.........---
ISN 0100 JPSOLnJPSM.+10
35W 0181 JELwJFL*10000
ISN 0162 DO 506 K*1*6
ISN 0183 IC(KI*IGIK)*10000
ISN 018'. 506 CONTINUE

C PUNCH CONNECTIONC ARD__
ISN 0165 507 WRITE(7.'.)JEL.JPSOL,(IG(1).1I1
35W 0166 '. FORMATI*CPENTA '968). -

ISN 0167 505 CONTINUE
C INCREMENT ELEMENT-10

ISM 0186 IEL*IEL.)
IS 19C -SAVE LASIL.9 AND.X..X4.LUS___

ISN 189 530 VLASTwYSAVE
ISN 0190 XLASTuXSAVE

C NOW MOVE CURRENIT GRIDS TO LAST GRIDS
ISN 0191 DO !10 Ial*JCUR
ISN 0192 LAST(I)*ICUR(P)
15W 0193 510 CONTINUE - . ..

1SN 019'. JLAS~sJCUR
C RESET CURRENT (.RIO COUNTER

ISN 0195 ICp~so
C MOV.E UP A LINE'

ISN 0196 IF(AN6LE*GToPIOW'.)Vt1)vV51VE
ISN 0198 C (1).,Y(1)*DELTY2 YfHC ARE WE AT THE TOP ~ H UOT
ISN 0195 IF(Y(1).,LT.IRADIUS*TOLERI)00 TO 4.30

C START GOING UP IN THE Y-DIRECTION UNTIL WE HIT THE TOP
C START AT THE LEFT EDGE
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ISN 0201 Y(1)vY(1)-0ELTY2
ISN 0202GoT 7
ISN 0203 420 XsWIOTH

C GENERATE NEXT LINE OP GRID POINTS
ISN 0204 IENO
15k 0205 440 V~u-Y(1)

C TRANSFORMING FROM ORIGINAL T0 MODIFIED RECT COORD SYSTEM
ISN 0206 -_XXMOv.YYH2________
15k 0207 YMO~fI)*Ztl)
ISN 0208 ZMODwx
15W 0209 WRITE(7,1)IGRIO,XXMOD.YMOD(I),ZMOD
15W 0210 DO 445 Iw2sLA'VERG .

15W 0211 VMOO(1)sZ(I)
ISN 0212 WRITE(791 )JGR WXXMpo.NO(I) ZMOD.

15k 0213 JGRIDsJGRIO+.1000
15k 0214 445 CONTINUE

C SAVE GRID 1DOS FOR ELSHENT CONNECTIONS
I5W 0215 JcutrmjcuR'1l
ISH 0216 ICUR(JCUR)GIGRIO

C -,INCREMENT.GRID 105,S_
ISN 0217 IGR1DuI6RID41II15 0218 JGRIDwIGRID*10000

C SEE IF 'HER[ 1S A POINT NEXT TO THIS ONE
15k 0219 IF (JCUR*GT*JLA3T)GJ TO *52

C MOVE TO THE RIGHT ONE INCREMENT AND REPEAT
ISN 0221 *. 51 X;X-DELIAX-
ISN 0222 1 (XG.OEGOT4*

C "AKE SURE WE GET THE RIGHT EDGE
ISH 0224 IF(IENO.Ego1)GO TO *50
ISN 0226 X800
15W 0227 IEN~ul
ISk 0220 * G TO*0

C GENERATE ELEMENT CONNECTIONS
C

ISN 0229 *50 00*460 182#JLAST
C FIRST SET UP THE GRID POINT ORDER

15W 0230 IC(1)sICUR(I.)
ISN 0231 iG'(21'ICUR(lI-f3
15W 0232 IG(3leLAST(I-1)
15k 0233 IG(*)wLAST(I)
15W4 023* 1G(S)OIG(11*10000
15k 0235 IGt6)mIG(2)*IO00
15k 0236 - IG(7)OIG(3)*10000___ -
15W 0237 lG(l)vIGt4*.COOO
ISH 023P JEL*IEL
ISN 0239 JPSOLsIPSOL
15W 0240 DO *55 Ko1.LAYERS
15W 02*1 IF(K*Ego.) GO TO 457
15k 02*3 JELJEL*10O00
15k 02*4 JPSCL-JPSOL*41O -- ---
15k 0245 DO *56 LulS
ISN 02*6 IG(L)uIGtL)410000
15W 02*7 456 CONTINUE
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C PUNCH CONNECTION CARD
ISN 024.8 457 WRITE(7.2)JIELJPSOL,(IG(J',Ju1.6).,ICONT

C INCREM4ENT CONTINUATION FIELD
ISN 0249 . JCGNTmICONT --.-..-

ISN 0250 ICONTwICONT~l
c PUNCH CONTINUATION OF CONNECTION CARD

ISN 0251 WRITE(7o3)JCONToIG(7)*IG(S)
ISN 0252 _ .__2 FORMAT VC HEIA.'j6±,I.... -

ISM 0253 3 FORMAT(*'9179218)
ISN 0254 455 CONTINUE

C INCREMENT ELEMENT IC --.

ISN 0256 460 CONTINUE

C - MOVE CURRENT AINE 0F.. GRIDS TO LAST LINE
ISN 025? 0O 470 Iu1,JCUR
ISM 0256 LAST(I)SICUR(I)
ISN 0259 *70 CONTINUE
ISN 0260 JLASTsJCUR

-> C MAKE CURRENT LINE EMPTY-
ISN 0261._,.- ,ICURu0

C MOVE UP A LINE
ISN 0262 475 V(l)uY1)'OELTY2

C NAVE WE NIT THE TOP YET?
ISN 0263 IF(Y().L.(H2-TOLERI)CO TO 420
ISN 0265 IF(IEND2.EQ.1IGO TO 600
ISN 0267-.. .

ISN 0268 Vt1)*HT2
ISN 0269 GO TO 420

020C IF WE DON'T NAVE A POINT NEXT TO THIS ONE PUT ONE OW THE CURVE
ISN 020 *52 YY..OSORTgRADIUS**2.X*)

C TRANSFORMING FPKOH ORIGINAL TO MODIFIED RECT COOED SYSTEM
ISM 0271 .-. XOUY.T.. .- --

ISM 0272 YMODII)&Zt1)
ISH 0273 ZMODwX
ISN 0274 WRITE(7.1)ICRID,.XXMODDMOD(1).*ZMOD
ISN 0275 DO0453 laZoLAVERG .

ISM 0276 VM04(I)az (I
ISM 0277 .- WITE(?slJROXjDD.MD(IZOD.~.. ~
15W 0276 JGIRoaJGRID*100OO
15W 0279 453 CONTINUE

C STORE GRID 1D
ISN 0260 JLASTuJLAST*I
ISN 0201 LAS7(JLAST)sIGRID

C _. INCREMENT GR10.10..... ..

ISN 0282 IC1EIDIGRI0.1
ISN 0263 JGRID&IGRID.)O0000
ISN 0284 GO TO 451
ISN 0265 600 lGNICS(ICRID/1000#1)*1000,1
ISN 0266 JGRID8ICRID*Io000
15W 0267 IEL%(IELI000tI)1OL... . -

15W 0266 XLASTIXX
15W 0289 IEND~wC

C
C
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C GENERATE FIRST PIECE WITH CUTOUT IN IT

C

C START AT THE LOWER LEFTHAND CORNER
C THEN MOVE TO THE RIGHT UNTIL WE HIT THE CUTOUT. -

ISN 0290 Y(1)mDELTAY
ISN 0291 -- 30..30IDTH-.

C GENERATE FAR LEFT GR!0 POINT
IS 22C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD $YSTM--.
IS 0292 MOt1I)'Y(1)*HT2

ISN 0293 YMOD(1)uZll)-------------
ISH 0294 ZMOOuX
ISN 0295 WR ITE (7.91 ))GRID.X.QP1U.,yOD I I .ZOD_.
ISH 0296 00 95 1-29LAYERG
ISN 0297 YMOO(I)wZ(I)
ISN 0298 WRITE(Tol)JGRID.XMOD(I),YMD(I.Z40
ISN 0299 JGRIDmJGRID4IOOO -

ISN 0300 95 CONTINUE

ISN 0301 JCURwJCUR*I
ISN 0302 ICURIJCUR)BIGRID--

C IF FIRST LINE OF GRIDS PICK UP GRID * FOR LAST LINE
ISN 0303 IF(Y( 1) EQ.DELTAY)LAST(JCUR)UMOD(IGRID.1000)
ISN 0305 IF(Y(1) .EQ.DELTAY)JLASTuJCUR

C .* -INCREMENT. GRD 10 ____
ISN 030? IGRIDAIGR 10.1
ISN 0308 JGRIOnIGRID*10OOQ

C MOVE TO THE LEFT
ISN 0309 90 XmX-DELTAX

C SAVE X AND Y
ISN 0310 *.*SVa

ISN 0311 YSAVE*Y(1)
C ARE WE PAST THE. 45?- - -- -

ISH 0312 ANGLE"DAYAWfYMI3)/
15W 0313 IF(A*GZLE*GT*PION4)GO..! 140 -

C SELriW THE 45
C -- FIN~)OISAC.RMITU

15W 0315 IF('(1).GToRADIUS)GO TO 150
ISN 0317 DISTuX-OSQRT(RADIUS**2.Y( 1)**2)

C ARE WE WITHIN TOLERANCE FROM THE CUTOUT
15W 0318 IF(OIST*LE.TOLER)GO TO 80
ISN 0320 Go TO 150

C ABOVE THE 45_
ISN 0321 140 IF(XoGT.RADIUS)GO TO 150
ISN 0323 DISTaYtl).DSQRT(RADIUSO**ZXO*2)
ISN 0324 IF(OIST.LE.TOLER)GO TO 160

C NOT AT THE CUTOUT YET SD GENERATE NORMAL GRID POINT
C TRANSFORMING FROM ORIGINAL TO MODIFIED RECT COORD SYSTEM

ISN 0326 .150 MO)s1)Ht............
ISN 0327 YMOD(1)wZ(l)
ISN 0328 ZMOO*R
ISN 0329 WRITE(7,1)IGRID,*PID()YOD(1hPZMOD
ISH 0330 DO 155 1m2,LAYERG
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ISN 0331 YMOD( I ImZ (I)
ISN 0332 -_WRITE (791 )JGRIDPXM DIl1,YMODC 1),ZKDD-
ISN 0333 JGRIDsJGRID*1OOOO
ISN 0334 155 CONTINUE

ISH 0335 STORE GRID ID
IS 35 JCURaJCUR*1

ISN 0336 ICUR(JCUR)aIGRID

ISN 0337 IF(Y(1).EQ.DELTAY)LAST(JCUR)aMOD(IGRID,1000)
ISN 0339 IF(Y(1)*EQ.DELTAY)JLASTuJCUR - --

INCREMENT GRID ID'S
ISN 0341 IGRIDnIGRID41 --

ISH 0342 JGRIDuIGRIO+10000
MAKE SURE WE.HAVE A-POINT NEXT TO _THIS ONE __

ISN 0343 IF(JCUR.GT*JLAST)GO TO 180
GENERATE QUAD ELEMENT
FIRST SET UP GRID POINT ORDER

ISH 0345 190 IGC1)oLASTIJCUR)
ISN 0346 16(2)uLAST(JCUR-1)
ISN 0347, It I(3) *1CUR JCURL__ ..

ISN 0346 1644)*ICUR(JCUR)
ISN 0349 IG(5)m1Gt1)41000 __

15W 0350 IG(6aIGM+)10000
15W 0351 IG(7)NIGM3)1COOO
15W 0352 IG(8181614)*10000
15W 0353 .JIEL___ L
ISN 0354 JPSOLmIPSOL
ISN 0355 D0 165 Ju1,LAVERS --

15W 0356 IFIJ.EQ*1) GD TO 167
15W 0356 JELeJEL*10000
15W 0359 JPSOL8JPSOL*IO
ISN 0360.-.. DO 166 KnIA ___

lSN 0361 IG(K)*IG(K)*10000..............-
I Sh 0362 166 CONTINUE

PUNCH CONNECTION CARD
15W 0363 167 WRlTE(7.2)JELJPSOL,(IG(I).Im!.6),ICONT

INCREMENT CONTINUATION FIELD
15W 0364 JCONTsICONT -

15W 0365 ICONTwICDNfIS
PUNCH CONTINUATION OF CONNECTION CARD

15W 0366 WRITE(7p3)JCONTIG(7hI1Gll)
15W 0367 165 CONTINUE

INCREMENT ELEMENT ID
ISN 0368 - . IELsIEL41 -

KEEP GOING TILL WE HIT THE CUTOUT --

15W 0369 GO To 90
IF WE DON'T HAVE A POINT NEXT TO THIS ONE PUT ONE ON THE CURVE

15W 0370 160 YY8*DSQRTIRAOIUS**2.X1*02)
TRANSFORMING FROM ORIGINAL TO 14ODIFIED RECT COORO SYSTEM

ISN 0371 - XXD~uYV*HT2______
15W 0372 VMOD(1)uZ(1
ISN 0373 ZMO00ax
15W 0374 WRITEI7.1)IGRIDXXMOO.YMOD(I),ZMOJD
ISN 0375 00 185 Is2,LAYERG
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ISN 0377 - WRITE(7,1)JGRID,XXMQD,YMOD(I),zMOD --

ISN 0378 JGRID&JGRID#10000
I:N 0379: e COTINUE(I

C STORE GRID ID
ISN 0380 -JLASTuJLA ST41
15W 0381 LASTIJLAST)aIGRID

C.-INCREMENT G C10
15W 0382 IGRIDmIGRI1*
15W 0383 JGRIDNIGRID*10000
15W 0384 GO TD 190

W E'VE MIT THE CUTOUT, SO GENER(ATE
C. A GRID POINT.ONJHE CURVE OF THE CUTOUT
C WE'RE ABOVE THE 45, SO MOVE IN THE V-DIRECTION

15N 03e5 160 Y(13uDSORT(RADIUS**2-X**2)
ISN 0386 GO TO 170

C WE'RE BELOW THE 45 S0 MOVE IN THE X-DIRECTION
15W 0387 80 XvDSQRT(RADlUS**2-Y(I)**2)

.. C-- .TRANSFORMING PRDM..OKIG.INAL-TO MDIF~fO.RECL-COORD- SYTt--.-
ISN 0388 170 XHOD().Yt1)*HY2
ISN 0389 YMOD(I) uz (1) -

15W 0390 ZMO~mX
15W 0391 WRITE(791)IGRIDXMOD(13,VMOD(1).ZMOD
15W 0392 DO 175 Iw2vLAYERG
15W 0393.. - .WDI.ZI
15W 0394 WRITE(7,1)J6RIDXMOD(I),YMOD~I).ZWOD
ISN 0395 JGRIDaJGRID*10000
15W 0396 175 CONTINUE

C STORE GRID ID -

ISN 0397 JCURuJCUR41
ISN 0398 . ICUR(JCUR '60"RRiO O...LAST C....iC IF FIRST LINE OF GRIDS, PICKUGRD* RLSTLN
15W 0399 IF(YO3.9EQ.DELTAY)LAST(JCUR)'MDIGRID,1000)
15W 0401 IFI(t)*EQoDELTAVIJLAS~sJCUR

C INCREMENT GRID I0'S
ISN 0403 IGRIDwIGR 10.1
ISN 0404 _ _JGR ID&IGR 10.410000---..- -

c DID WE CROSS A LINE OF GRIDS?
ISN 0405 IF(XSAVE.WE.XLAST)GO TO 100

C WE DIDN'T CROSS.A LINE OF GRIDS SO
C GENERATE A OUAD ELEMENT
C FIRST SET UP THE GRID ORDER

15W 0407 16 (1) *LASY(JCUR)___. - . . . .-.

15W 0408 IG(2I.LAST(JCUR-1)
ISN 0409 IG(3)uICUR(JCUR-1)
15W 0410 IG14)uICUR(JCUR)
ISN 0411 IG(5)8IG(11*10000
ISN 0412 IG(6)vIGt2)*10000

* ISN 0413....IG(7)aI(3)C000.....---.--. -

ISN 0414 1G(8)*1G14)*10000
15W 0415 JEL&IEL
15W 0416 JPSOL*IPSOL
ISW 0417 DO 176 Jw1,LAVERS
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SN 0418 IF(JEQ.1)GO T0 178
ISN 0420 JRSOL-JP5OL410.
ISN 0421 JELuJEL*10000
ISN 0422 Do 177 Kal.
ISN 0423 IG(K)eIG(K)*10000
ISM 0424 177 CONTINUE

C PUNCH CONNECTION CARD
S.045..__ T7,.MRITE(7,IJl.L.JS...sI.iG.I..ROJ6h|CONT

C INCREMENT CONTINUATION FIELD
ISN 0426 JCONTaICONT . .. ... . . - - - - - - - - ...
ISM 0427 ICONTICONT.I

C PUNCH CONTINUATION OF CONNECTION CARD .
ISN 0428 WRITE(7?3)JCONTIG(7)olGi8)
1SN 0429.... .176. CONTINUE

C INCREMENT ELEPENT 10
ISM 0430 IEL.IEL4I . .... .. . .
ISM 0431 GO TO 130

C
C WE CROSSED A LINE OP GRIDS SO WE NEED A TRIANGULAR

C FIRST SET UP THE GRID ORDER
IBN 0432 100 IG(1)aLAST(JCUR-1) ...
1 SN 0433 IG(2)aICUR(JCUR-1)
ISN 0434 1G(3)sICUR(JCUR) .
ISM 0435 IG(4)G(1)410000- -
JSN. 0436- ..... G (5.) 0 1G2)A10000
IS 0437 1G(6)mIG(3).10000
1SN 0438 JELvIEL _ .
SN 0439 JPSOL-IPSOL

ISM 0440 DO 105 JvI1LAYERS
IS 0441 IF(J.EQI) GO TO 107
IS 0443.. JPSOL-JP5OLtIO.
ISN 0444 JEL-JEL*10000
ISM 0445 DD 106 Kw1,6 .. .*

ISM 0446 IG(K)aIG(K)*IC00.
ISM 0447 106 CONTINUE

C PUNCH CONNECTION CARD
.ISN.0440 -. 107 WRITE-7,,-jJEL-J-SQ-.(--I).a|l) ....... ~....

WIS 0449 105 CONTINUE
C INCREMENT ELEMENT 1O

ISN 0450 IELmIEL41
C SAVE LAST X AND Y VALUES

ISM 0451 130 YLAST.YSAVE
ISM 0452 ILASTuXSAVE

C NOW WOVE CURRENT GRIS' TO'-LAST GRIDS
ISW 0453 DO 110 1-1,JCUR -

IS 0454 LAST(I)&ICUR(I)
ISN 0455 110 CONTINUE
ISM 0456 JLASTuJCUR

C .. RESET CURRENT.GR.;DCOUNTER
ISN 0457 JCURSO

C MOVE UP A LINE
1SM 0458 IF(ANGLE*GTPION4)Y(I)uTSAVE
ISW 0460 Y(I)uY0t)+DELTAY
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C ARE WE AT THE TOP OF THE CUTOUT?
ISN 0461. TO 30.

C START GOING UP IN THE Y-DIRECTION UNTIL WE MIT THE TOP
c START AT THE LEFT-.ECGE.-

ISN 0463 Y(1)*Ytl)-DELTAY
ISN 0464 GO TO 75 *.~

ISN 0465 20 XvWIDTH
. C..-.. GENERAT.E

ISH 0466 IENO
ISH 46?C TRANSFORMING FROM ORIGINAL, TO MODIFIED RECT COORD.Sj.STEM _

ISN 0467 40 XMOD(1)wYl1)*HT2
ISN 0468 MtIut............ . . ..

ISH 0469 ZMODwX
ISH 0470 ~..WRITEI,)GI, (.VMD1ZM ..
ISN 0471 DO -45 Iw2,LAYERG
ISN 0472 YMODII)uZ(ll
ISN 0473 WRITET7,1)JGRIDXMOD(1),TMOD4I).ZMOD
ISN 0474 ~ JGRIDuJGRIDO00....
ISN 0475 45 CONTINUE
lSN C. *.SAVE .IPJ.5!REMNTCONNECTONS.--..
ISN 0476 CUR*JCUR+I

15W 0477 RCUR(JCUR)SRGRO.........
C INCREMENT GRID ID'S

ISN 0478 IGRIDUIGRID.1-. . .

ISN 0479 JGfIDIGRID+1oo00
. - _C--.SEE IF THERE. .ISA..INY NEXT_1O _THIS. ONE_- . ,

ISH 0430 IF IJCU-R.GT.JLAST)GO TO 52'
C MOVE TO THE RIGHT-ONE INCREMENT AND REPEAT -~

15W 0452 51 XsX-DELTAX
ISN 0463 IF(X*OT*TOLER)GO TO 40

C MAKE SURE WE GET THE RIGHT EDGE

ISN 0487 18O0
ISN 0468 IEND')
15W 0489 GO TO 40

C
C GENERATE ELEMENT CONNCTiONS -

C..
15W 0490 50 D0 60 Iw2sJLAST- - - - --

C FIRST SET UP THE GRID POINT ORDER
ISN 0491 IG(1)*LASIl)
15W 0492 16(2)oLASTt I-11
15W 0493 IG(3)'ICUR(I-1)
15W 0494 IG(4)uICUR(l)..- - -.. .- . .-

15W 0495 IG(S)SIC(11*10000
15W 0496 16(6)slG(21*10000
ISM 0497 IGM&)IGM*)10000
15W 0498 IG(S)BIG1410000
I5W 0499 JELaIEL
ISN 0500 __.JPSOL*IPS0L

IS15 0501 Do 55 Kul ,LAYERS
ISN 0502 IF(KoEQ.1) GO TO 57
15W 0504 JELuJEL+I0000
ISN 0505 JPSOLuJPSOL*I0
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ISN 0506 DO 56 Lwl.8
ISN 0507 . IG(L)= I (L)*1O00... -.- --

ISN 0508 5 CONTINUE
~ iC PUNCH CONNECTION CARD

ISN 0509 57 WRITE(7.2)JELJPSOL.,(IG(JhoJul,6),ICONT
C . INCREMENT CONTINUATION FIELD ..-

ISN Oslo JCONTuIC0NT
ISN 0511 ICONTaICONT+..L.

C PUNCH CONTINUATION OF CONNECTION CARD
ISN 0512 WRITE(793)JCONT*IG(7)*IG(S)
ISN 0513 55 CONTINUE

C INCREMENT ELEMENT ID
ISH 0514 IELuIELsI
ISH 0515 C*60 CONTINUE__

C MOVE CURRENT LINE OF GRIDS TO LAST LINE
ISM 0516 DO 70 IuIJCUR -

ISH 0517 LAST(I)*ICUR(I)
ISN 0518 70 CONTINUE
ISN 0519 JLASTsJCUR

-- C--,-- MAKE CURRENT. LIK4E IPJY--
ISN 0520 JCURSO

C MOVE UP ALINE
ISN 0521 75 Yt1)oY(I)DELTAY

C HAVE WE MIT THE TOP YET?
ISN 0522 IF(Y4I)LT(LEGX-TOLER))GO TO 20
ISN 0524 . .FIN 2E.ID.Z.....~ . ~ . .

15W 0526 IEND~aI
ISN 0527 Yt1)nLEGXI
ISH 0528 GO TO 20

C IF WE DON'T HAVE A POINT NEXT TO THIS ONE PUY ONE ON THE CURVE
15W 0529 52 YY**DSQRT(RADIUS**2.X**2)

C - YRANSFOR1I1K FROM-CfRIGINALTO.0-MOOIFIED REC7 COORD-SYJEM.
15W 0530 XXMODuYY*NI2
15W 0531 YMOD(1)aZ(I)-
ISN 0532 Z14ODoX
ISN 0533 WRITE(7,1)IGRI~oXXM0OYMOD(1)ZMOD
15W 0534 00 53 IaZ.LAYERG

- 15 0535 .. MDI'(.. - - - -

15W 0536 WRIIE(791)JCRID.XXMODYMOO(I).ZODD
ISN 0537 JGRIO'JGRID*1OOO0
15W 0538 53 CONTINUE

C STORE GRID ID
15W 0539 JLASTsJLAST.I
ISN 0540 . LAST(JLAST) a IGRD.....--.- _

C INCREMENT GRID ID
ISN 0541 IGRIO.IGRID.1
15W 0542 JGRIO.IGRID*10OOO
ISN 0543 Go TO 51

C
C ENDC OF FIRST PIECE-- --

C
C
C
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N4C GENERATE THE 90-DECREE BEND

C FI-RST ES TABISH A iCYINi'DR'ICAL-cO-bibINATE' SYSTEMW
ISN 0544 200 X=0.0
ISN 0545 LEG~sHT2+LEGXI
ISN 0546 LEGXP~aLEGX*1.
ISN 0547 LEGY*LEGY
1SN0548. -- WRITEA7j2.01 E ,L -

V.-.ISN 0549 201 FORMAT(lCORD2C ',5X.I00',81,2F8.4,5X,'0.0',2F8.4,5X,'1.O'
*17)............

ISN 0550 JCONTuICONT
ISH 0551 ICONTvICONT41
ISH 0552 NRITE(79202)JCONT*LEGXPI*LEGY

- ISN 0553 __202-FORMAr7( ~__
C SET INITIAL VALUES

ISN 0554 IPSOLmIPSOL4Z -- ...

IS" 0555 RMO)sEND
ISN 0556 00 205 1s2,LAYERG ~
ISN 0557 RIu(-1TI1
ISN 0558-~ 205-..CONTINUE-.______
ISN 0559 THETAnDELTAT
ISN 0560 IELvf(IEL/I00O)*1)*J000*1
ISN 0561 JENO~wD
ISN 0562 250 IENOO
lSN 0563 Zt1)aO*0___

S. C_.. -TRANSFORMING. FRO~ptlIINAL,.tp MODIFIED CYLINDRICALCOORO SYSTEM,
I SN 0564 220 THMCD*9O.-THETA
ISN 0565 ZMOD2(1)*WIOTH-Z(1).
ISN 0566' WRITE(?,203)IGRIORtl).THMOO.ZMOD2(1)
ISN 0567 203 FORMAT1'CRIO fo1a.5X9*100'93F0.*4).
ISN 0568 00 225 1*29LAYERG
ISN 0569 -W .RITE (7.203)JGftI.l-.j-TiMODZQDA1 ..........
15W 0570 JGIO'JGR 10410000
ISN 0571 225 CONTINUE
ISN 0572 JCURaJCUR*1
15W 0573 ICUR(JCUR)B10R10,
I5W 0574 IGRIDslCRID,1

15W 0576 ZI1)0Z(1)*OELTAX
15W 0577 IF(Z(I1)LT.(NIDTH-TOLER))CO TO 220

C "AKE SURE WE GET THE EDGE
15W 0579 IF(IENDeEgo.)GO TO 210
ISN 0561 241)*NIOTH
ISN 0582 IENDaI __

15W 0583 GO TO 220
C GENERATE CONNECTIONS

ISH 0584 210 DO 230 Iv2oJCUR
C SET UP THE GRID POINT ORDER

ISN 0505 IC(I)uLAST(l)
15W 0586 .. I(2)!LASTII-1) -- -___

15W 0587 IG(3)uICUR( I-i)
15W 0588 1G(4)*ICURII)
ISN 0589 IG(5laIC(1)*10000
ISN 0590 IC(6)*IG12)*10000
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ISN 0591 IG(7)OIG(31410000

ISN 0593 JELvIEL
ISN 0594 JPSOLvIPSOL
ISN 0595 DO 215 Kal*LAYERS
ISN 0596 IFIK.EO.1I)GO TO 217r 15 0598 JELwJEL*I0000
I SN 0599 J. ... .. P -- .. -

ISN 0600 0O 216 L*1,6
15W 0601 IG(L)sIG(L)*10O0
ISN 0602 216 CONTINUE

ISN 603C PUNCH CONNECTION CARD . *

ISN 603 217 WRITE(7,2)JELJPSOL9(IGtJ).JS1,6hICDNT
C INCREMENT CONTI NUATION.

ISM 0604 .CONTS1CONT
ISN 0605 ICON~uICONT.1

C PUNCH CONTINUATION OF CONNECTION CARD
ISN 0606 WRITE C793)CONT9IG(71916181
ISM 0607 215 CONTINUE

C . INCREMENT .ELEIEIT-.0-.... - .-.
ISH 0608 IELsIEL.1
ISH 0609 230 CONTINUE

C MOVE CURRENT GRIDS TD LAST GRIDS
ISN 0610 DO 2*0 I81,JCUR..
ISN 0611 LAST(I~oICURII)
ISN 0612 .240 CONTINUE . - ~~
15W 0613 JLASTsJCUR
ISN 0614 ,ICURBO.............

C INCREMENT ANGLE
ISN 0615 INETAnTHETA#DELTAT
ISN 0616 IF(TNETAaLTsG9*99995)GD TO 250
15W 0616 8 IF (IEN02*EQA1G0..TQJ*j. .,......

ISN 0620 IEND2wl
ISN 0621 YHETAw9Qo
ISN 0622 GD TO 250

C
C END OF 90 DEGREE SEND

C

C

C INITIALIZE CONSTANTS-
I 5h 0623 241 IELSttIEL/1000)$1)*00$1
ISN 0624 1END2mO
15W 0625 IPSOLwIPS0L$1
ISH 0626 V(1)*LEGX14SEND
ISN 0627 DO 245 Is2,LAVERG
ISN 0628 YIs(.).A~L..... *. . --... - --

15W 0629 245 CONTINUE
C START GOING DOWN IN THE Z-DSRECTION UNTIL WE MIT THE BOTTOM
C START AT THE LEFT ECGE

ISN 0630 Z(ISLEGY-DELIAZ
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ISN 0631 320 XsWIDTM
_C GENERATE NEX.LINE-F. qRIQPOITS_._. - .-

ISN 0632 IENO
C TRANSFORMING FRO" ORIGINAL TO MODIFIED W~.T COORD SYSTEM-

ISN 0633 340 XMbD(1)CY(1)*HT2
tISN 0634 - YMOO(1)sZ(1) - . - - - -- .-

ISN 0635 ZMODvX
ISN 0636 .,.--RITE (7,i )I GRi0,"D .jj).tQ~tbZ"OD
ISN 0637 DO 345 Is29LAYERG
ISN 06368 XMODII)*Y(II*HT..
15W 0639 WRITE(7,1)JGRIDXMODIIIYMOD(I),ZMOD --

ISN 0640 JGRIDmJGRID*10000- -

15W 0641 345 CONTINUE
C_. SAVE GRID .IO!5YR ELEMENT CONNECTIONS

ISN 0642 JCURujcuR.1
I5W 0643 ICUR(JCUR)aIGRID-

C INCREMENT GRID IDIS
I5W 0644 . IGRIDuIGRID*I -

ISN 0645 JGRIDuIGRIDO1000
C .~MOVE -7O. THE-. R1OLDBE INCREMENT ANDRAEPEAT.

ISN 0646 XsX-DELTAX
ISN 0647 IF(X.GYTTLER)GO TO 340-

C MAKE SURE WE GET THE RIGHT EDGE
15W 0649 IF(IEND*EQ*I)GO 70,350
ISN 0651 180.0
ISN 0652.. INy..
ISN 0653 Go To 340

C
C GENERATE ELEMENT CONNECTIONS

15W 0654 350 OD 360 Iu2oJLAST
.C... -FIRST..SET UP .. IIIGRJDPOI NTORDER_----- -

ISN 0655 IG(1)wLAST(l)
ISN 0656 1G(2)aLAST41-1) .

ISN 0657 IG(318ICURfIl1)
ISN 0658 1614)uICUR(l) .- --
35W 06,39 IG(5)8IG(1)*10000

ISM ~60 .. G(6)p.G2).0000...........
ZN 0b6l IG(7)tslG13)*10000
Iiw 0462 IG(818IC(41010000 .

15W 0663 JELvIEL
ISN 0664 JPS0LaIPSGL -

ISN 0665 DO 355 Kn1.LAVERS
15W 0666......F(K 9EQ 9110,.YDO357.-... ..

15W 0666 JELoJEL.1 0000
15W 0669 JPSOLaJPSDL*10 -

ISN 0670 DO 356 LwI9&
ISK 0671 IG(L)aIGIL)*10000
15W 0672 356 CONTINUE

*C.-.. PUNCH CONNECTION CARD .~ . ~ -* * *

ISN 0673 357 WRITE(7.)JELJPSOL,1GJ).Jsl.6.ICWT
C INCREMENT CONTINUATION FIELD

ISN 0674 JCONTSICONT
15W 0675 ICONTOICONT*1
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• I
C PUNCH CONTINUATION OF CONNECTION CARD

ISN 0676 -WRITE (73)JC.DtT1ZG.(7lIG.(L..
ISN 0677 355 CONTINUE

C ICREMENT ELEMENT ID .-
ISN 0678 IELuIEL*l
ISN 0679 360 CONTINUE

C MOVE CURRENT LINE OF GRIDS TO LAST LINE
ISN .0680 .. . DO.T7.JS1-JCU_ _
ISN 0681 LAST(I)sRCUR(I)
ISN 0682 370 CONTINUE .
ISN 0683 JLASTeJCUR

C MAKE CURRENT LINE EMPTY ._

ISN 0684 JCURsO
.C. HOVEU-_A.PINE.

ISN 0685 Z(I)uZ(1)-ELTAZ
C HAVE WE HIT THE BOTTOM YET?

ISM 0686 IF(Z(i).GTvTOLER)GD T0 320
ISN 0688 IF(IENDZ*EOI)GO TO 120, ...ISN 0690 IEN02,mI

SISN 0691 .--- _Z1l.)0O0-
ISN 0692 GO TO 320

€c WERE DONE,. .HEW

c € SO DUMP THE BUFFER
ISN 0693 120 ENOFILE 7

c AND GET THE HELL OUT .
.ASN 069i .. STO-_ ...
ISN 0695 900 WRITE(6.901)
ISN 0696 901 FORMA1('o**ERR0R**e_ TOO MANY LAYERS SPECIFIEDO)
ISN 0697 STOP
ISM 0698 END .
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PARAM~ETER ECHOC

LEGX1. 0,27C0
LEGYm 05G
WIDTplu 0.5000
RADIUS& Oo25C0
DELTA-Ya 000900
DELYA-Xv 0010C0 -*

DELTA-To 1500000

TOLERANCEO 0.0150
DELTA-Ze 001700
LAYERSE 1
DELTAY?' 0.1330 . -.

LAYER-1 TI mCKNESSm .0.1250....,*
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APPENDIX F

C-I MODEL PREPROCESSOR PROGRAM BULK DATA LISTING

Itl IK I.t A cl t J It U it (Y c- I , I1,t E Suk

I. b 'l l q. , "to t. (0 .: UOI * ,e l, I1 0.'. 0.C7(. (¢ (, (,G0

, bk*lIb 2 U.4(c0 C. 3:0 V .1L0C
4. G1,i 1(uM 0.40C0 0.76C0 0.4¢0(.
b. (433 3 .0CCO 0.t3t0 G.3C00
L . CAII- 1(.003 0.4CCU 0. "6C C.JL00
7. LIiI, 4 0.4C 0. 0 ?; 0.2t00
I. LIII 11, 104 0 . 0 O .7(00 C.2SOC
... GkI0 5 0.26 7t; C. .M C,..000

10. (I10 ML005 0.2670 0. 700 C .' COO
H. 11, 1(.O0 0.2670 (. .50 C.4000

1W. LiltA I I t 5 1 2 ICC06 100.* 0
14. 4 0 Ic0Ol l Uc.
| . ] i, " V7 0. U70 0. e 35c c .300
1 t. GkIC 1(007 0.2t, 70 C.UO0 0.3(00
li. Lht t. 2 1 7 c 2 3 1(00? 1OOt I
lh,. 1 1000 1U00
20. 01 1 ILO 0.270 .TCs 50 0.211720. 61l, 10 1 CO0b Ot,70 O. 0. 70 Ce2117

Z). C141 )A 3 1 a 7 3 4 1GCOb 10007* 2
2 ot. ? IV1U)3 1C"04
23. GkID 9 0,1340 0.3t( M.tLOG
i4. GIl1N I I001'd 0.1346 0.7600 O.'.000
4%. 0klD 10 0.134.0 0.t350 0.4000
26. GRID 10010 0.1340 O.7bC0 C1.4000
?7. GID1 11 0.1340 0.t3M0 0.3C00
Zb. GRIU 10011 0.1340 v.7600 C.3,00
it). (A.ID 12 0.340 0.350 0.2COO
0. GRID 10012 0.130. 0.700 0.2000

31. GRII 13 0.1340 0.63$0 Cs.1000
32L. LI ' 1(013 O.I340 (.76 0 0.1;00 B
33. GRID 14 0.17.9 0.t.3o0 0.1000 B
34. kID IC014 0.1709 C.76CO 0.1000
314. (A310 l 0.1340 0.530 0.0
3t. A 10 10015 0,1340 0.7bo C.0
37. £.11. It 0.1b(O C.6350 0.0
3t. GPII. ltiolt O,1VO 007600 0.0
9. C XA 4 1 10 5 6 1(010 I0C(09 3

4G. * 3 10005 10006,
4I. (1I0A 5 1 11 10 6 7 1(011 10010* 4
4 . $ ,4 1OU 10067
3. c(ititA 6 1 12 11 7 b 1(012 10011' 5

44. $ ' 10007 10008
4-. CillXA ? 1 13 1? b 14 10013 100124 6
4t,. t 1000 IC014
4?. Liil A 8 1 1 13 14 16 1(015 1C013* 7

4. * 7 10014 10C16u*,, kpl 1? 0.{, O,60'.0O (,.." , OG
i.,. CPl, 1001? 0.0 0.7tCo O.tuo0

K. Il l. 16 0.0 0.3bO 0.4000
t.. CIIM 1016 0.0 07tOc0 c.40c0

k. M 1id 19 0.0 0.t30O (.3(00
'. .I. 1009 0.0 0.7600 0.3(00

k. ok I. 20 0.0 0,6t0O 0.2c00
t'. l(.1, 10(OO 0.0 0.7tO 0.2C00

2. hAlL 21 J.0 0.t30 O. 100
tt. bLKII" 1(021 0.0 (.76OO ,.IC00
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119. 22 0.0 0. (.3!c O-C

G1; ILI 10022 0.0 0. 7KO 0-0 10 lCole 1001741
60. 

1 is 17

61. CIIE X A 9 90009 100 1 o I 1 10039 10016*
62. 10 1 19 le 10
63. CHFXA loolo JOCII 12 )(020 100194 to
t,4 0 0 9 ;o
65 . C14L y A

to loot) 10012 IC0204

t 7 X A 12 1 21 20 12 13 IC021

4 11 1(,012 10(113
6e. 

21 13 15 IC022 100214 12

Of X A 13 1 (12

70. 12 IvOI3 10011, ).49co C. 01-0 C-5coo

71. GR 1% 1001

726 bkIv 11001 n.49co 0.7600 0-5COO

73. ogle 1002 0.40co DAM 00,4000

11002 0.4900 0.7t,00 0.4000 op I"o? ICOO14 13

7%. 6PIP 10
loot 1 7 1 1001

75, clif I A
76 13 11001 W" 0.49CO O.t350 0.3CCO

77: bRIV 1003 0.49CO 0.7600 0-3000
7b. fORIP 11003 

1003 IcOO3 10002* 14

&HEX# 1002 1 3 2 1002

80. 4 14 11002 1101'13
1004 0.49(o 0.6350 0.2332

big GRIP 11004 o.49CO 0.7600 0.2332 ICCO4 IC003* is
820 GRIP 1003 1 4 3 IC03 1004

03 CHEIA
e4: I 11003 IIC04 o.sliCo 0.050 O-WO
b#j. GRIP 100

86. GRID lions 0.50co 0.7600 0.5000

1006 0.5000 0-050 C-4coo
876 URIP 0. eco 006co (1.4coo

PD. GRIP 11006 
lCOO, 11002 110014 16

09. X # 1004 1 looz loot 1005

9 0. it 11005 1 IC)C+

GRID 1007 O.Seco O.CM 093coo
91. 0.50co 0.7t,00 093000 17
92. "it 11007 too? IIC03 11CO24

93. CHEYA Ions 1 1003 1002 1006

94 . 17 11 not. 11007 0.58co 0', 6 3t 0 O-MO
GRW 100695. 011W Iloov 0.58co 04, 7600 C-ZOOD looll lloo4 11003* le

99"7: C1111A 1006 1 1004 1003 IC07

It, 11007 11001,

GRII 1000 o.t,291 0.050 C*ICOO

100 . bg)() 11004 o.tZql 0.7600 0.100 11004 licca 11009

CPINIA 1007 i ICC4 loot 1009
lot. Olp 1010 O.t, 7CO 0.63110 0-'COO

102. GPIP 11010 0.67CO 0 7600 O-MOOO
103. Os67CO O:t3!0 0-4COO
IC4. GRID 1011 0.67CO D. 7fbo C.4000

t1kip 11011 V. t 350 0- CQO
1012 0.67(0 C.A00
11W 0.67to 1

bp I I; 0.67clo O.t3so U-N)CO

let'. Sp IP 101'A O.t.7 () c. 7600 002coo
GRIP 1101; c 0: 1 coo

1014 oa-Uo (,. t 3" 1 or
IIL (4.11* 0.67CO COW ( ( ,

(A I P 11014 O.t)7CC 0. t- 350 V- C
Olp 1015

1101, O.OCO V- 7f 00 0.0

113. vIv 0,65co V.tm C-0

114. GRIP 1016 0 6! N 0.7600 C -V 19
115. GFIP liolb 

toll Well IICC54

lic. ChIxt love I IVV( I lklo

117. le 11010 licit ILII 012 1 IV07 IJEO64 20

Ile. CK x A 1009 1
11011 It(
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1 6. (III At 1JIV I I GO I i,(j 7 1 (11 i 1013 11 c I. I h 07 21
121. i 1 11012 1 )(,1 3
1226 CM A A 1011 1 1 IL;(-9 I ( Ob 1(113 1014 11 c uli I IC(;b4 22
12J. 22 1101i 110 14
124. CIO X A 1012 1 Icib 1009 I(VI4 1015 1 IGIC 1 IOC94 Z3

4 23 11014 llcl
12t. C(h rc 100 0.67CL) 0.5100 C.0 0.6700 0. Ilco 1.0* 24

% 127. # i4 I d 700 C. 5100 0.0
120. 61, 1 E: 1017 1 ('G 0*121,0 7t.C00rj G.t.000
129$ CkID 11017 ICO 0.25CO 7 5.(000 0.5COO
13G. GR I V loib IGO O.MO 75.('000 0.4COO
131. GR I L) liole ICO 0.2hOO 75.00uG C.4GGO
1320 br.. I b 1019 1 OU 0.1250 71,.COOD 0.3L-GO
133* GRID 11019 too 0.25CO 75.0000 0.5600
134. (OR I P 1020 1 CC, 0.121,0 75*COOO C.ZCCO
135. U 19, 11020 1 Coo Os25CO 75.000 C.?LUO
136. Gk I Is 1021 100 001250 75. VOCID 0.1000
1370 (OF I v 11021 100 002500 75 4 Gooo C.ICCO
13b. GI, 10 1012 100 0.12!0 7t.0000 C.0

tklb 110?2 100 0.25co 7t.0000 0.0
I"Ovs Of A A MI 2 "It 1010 1017 1018 IICII 11010* 25
1410 2b 11017 1101o
142. C111 XA 2002 101? 1011 lolis 1019 1101? IILII* 26
1430 4 i6 11018 11011*
144. CKAA 2003 1013 1012 IC19 1020 11013 110124 27
11". i7 11019 11020
14t). LhLXA 2004 2 loli 1013 1020 1021 11014 lIC13o b
10. it, 11020 IIC21
146. CHFXA 20011, 2 1015 1014 1021 1022 IICIS 11014* 29
1490 9 11021 11022
ltv. LKIII, 1023 100 061250 6O.Cooo 0.5coo
I'll. M!, 11023 100 0.25co 60.0000 C.booo
1520 WD 1024 100 0*12"D co.cooo 004000
153. Will) 11024 100 0.25co 60,0000 064000
15144 GkID 1025 100 0*12$0 hO.COUG 0*300D
11b, GkIt, 11025 100 0.2bCO 60.COGO C.3000
1616. GFIV 1OZ6 100 0.12to bo.cooo O.i(joo
It,?. CRIE, 11026 ICU, 0*25co 60.0000 O.Mo
15ti. GNIU 1027 loco 0.12!0 ILICIC000 C.1000
1tv. GICIP 11027 100 0.25CO 60.0060 O.IGOD
IC4. GRID 1020 100 0.12to 60.0000 0.0
It, 1 6 GRID 1102b I" 0#25CO 60*CCOO 0*0
Ic)2. CHEAA 2006 2 lolb 1017 1023 1024 IJOIh 11017* 30
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APPENDIX G

C-1 PLOT RUN DATA DECK SETUP AND UNDEDORMED PLOTS

1 U JOB .|900004 ,,048 ,300),PLOTC14,CLASS "C .... .. . ...... .. ... .. .
2, //RUN EXEC NAST46.PTAPEuWYLBURPLOTSWYL302,
3. U PLOTDSN'ICo900004SSSPLOTC14-9,PLOTPGNU'PLT ..96,-.--. --

4. 9/ blal-KON360-1ZKPBUF,141,FBUFFs40,R3299K
5 . 10 M O D EL C I P L O T C I # - . . . .. .. .. ... . . . . .. .. . .. . ..
6. SOL 24

. DIAG 6.14
9. ALTER 23 . ... ...

10o EXIT S
11 ENDALTER .

12. CEND
13 TITLE. s PRE-PROCE SSOR - PROOUCEO-GEOMETRY-41OOEL. C141
149 OUTPUT(PLOT)
ISO PLOTTER NASTRAN MODEL 090-.. ....-........
16. SET I a 1 TNRU 1072 EXCLUDE GRID POINTS 10001 THRU 11083
17. SET 2 a 2001 T+1RU 2090 .. .. ......
• t1:1 t " ~Il THRU 3050

• ~~20, _. 0J.. . ...

2 1. S P L O T M E S H .1 .... . . .. . ... . ..
22. $
23% AXES YX,oMZ ...
24. VIEW 0.,0.,0.
..25o PTITLEPARTJ W1.TH.tASHERLJD.P.IVEK....
26o FIND SCALE SET I ORIGIN 1
27s PLOT SET I ORIGIN I LABEL ELEMENTS ...
28. PLOT SET I ORIGIN I LABEL GRIDS
29. .
30. AXES ZX.Y
31. VIEW 0.,0.,0. 
32. PTITLEsFULL BRACKET; VIEW 0.0.0
33, FIND SCALE SET 4 ORIGIN * . . ...
34. PLOT SET 4 ORIGIN 6
35.56
36. $ PLOT MESHES 1,11. AN6 I--

.37. 6.-.
38. AXES 2XvY
39. VIEW "10,,20*,30o
40, PTI7LEwFULL BRACKET; 3-D VIEW -10*20#-30
41. FIND SCALE SET 4 ORIGIN 5

42. PLOT SET 4 ORIGIN 5

(BULK CATA)

ENDDATA
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APPEN DIX H

-C-1 SOLUTION RUN OUTPUT

44o4 44
t4 to4,

*4 44SE AR19I7

IBM 44-7C SW

44 NA~PCO t

S4 I44Ah Vl t P R ~ ~ O tkkU$t t1ti oIi i OA 10

m* 49 .111 ItAIII h siII1lA lo 9 t I t uL
SO 4 ESC AR1,)4

44m to)
WA 4 ooo6t3C CR%
UIAG 4.

4 WrLL b
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I 111" 6 ctuSII bWtA(.W I tUtL Llb MIISAhI 4)

S sLBIILL " P4AIS Mob2 iI14511d)3, tSR e.12b# s

3 WIC s 9

S SuBCA~t I t OCII.NWA't LLAD ALUNU tht 1,114

t6 LOAD 6
7 s
a SiCkSk t 00beNaAkE LUAU ALC?4G C1Ihk8 LIZ

i LIAC -
10 1
3) SUHCLM 3
It suI II:k * Uhlfuhi.q P~ULL

.~IA ALL00

I? I'C(L *ALLO~&OLI L~~II~tLiWIE

16 SIRE$$ ALL

17 S~~idCFEWE ALL
to t L* ALL

19 GP Lt(I ALL

SOUL UK

I161L IL ~ Ut(k~111 CUKI1
St$ca-10 ~

24 OLA IL

UISFL- AL
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APPENDIX N

ACRONYM DEFINITIONS

1. AFFDL - Air Force Flight Dynamics Laboratory

2. AFML -Air Force Materials Laboratory

3. AGARD - Advisory Group for Aerospace Research and
Development (NATO)

4. AHS - American Helicopter Society

5. AIAA American Institute for Aeronautics and Astronautics

6. ASTM - American Society for Testing and Materials

7, DTIC - Defense Technical Information Center

8. GIDEP - Government Industry Data Exchange Program

9. NASA - National Aeronautics and Space Administration

16 10. NATO -North Atlantic Treaty Organization

11. SAMPE - Society for the Advancement of Materials and Process
Engineering

12. STAR - Scientific and Technical Aerospace Report

13. TAB - Technical Abstract Bulletin

14. USAAMRDL - U.S. Army Air Mobility Research and Development
Laboratories

15. USAMMRC - U.S. Army Materials and Mechanics Research Center
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APPENDIX 0

STRESS ANALYSIS

REPORT TITLE REPORT NlO.
Advanced Concepts for Composite Joints & Fittings

PREPARED BY CHECKED BY MOOEL NO.
APC 912/80 ..

SUBJECT
Composite Joint Test, Panel "A"

INTRODUCTION

This report summarizes the static and fatigue strengths of the joint and fitting

test specimens.

Section 1 covers the wrapped Tension Fitting (Tailboom-to-Fuselage Attachment),

Type A.

Section 2 covers the Gearbox Attachment Fitting, Type D.

Section 3 covers th,, Seat Attachment Fitting, Type K.

Static and fatigue analyses are included for types A and D. No fatigue analysis

was included for type K since only static tests were conducted. Loading conditions

used for analysis are identical to the baseline metal part loads. 16
B

The purpose of the program was to stuey the feasibility of constructing such joints

and fittings and predicting the statJc and fatigue strength of the fittings for

application to future aircraft.

242

&~*-X -.



REPORT TITLE REPORT NO.
Advanced Concepts for Composite Joints &Fittings

PREPARED BY CHECKED BY MODEL NO.
APC 9/2/80I SUBJECT

1.0 K.L. Reifirnider and K.N. ILouraitis; Fateigue of Filamentary Composite
Materials, ASTM Special Technical Publication 636, 1977.

2.0 Advanced Composite Design Guide, 3rd Rev., 1977.
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1EPOR TITLE REPORT NO.

Advanced Concepts for Composite Joints and Fittings
PREPARED BY CHECKED BY MODEL NO.

!APC 9/2/80
SUBJECT

Composite Joint Test Panel "A"

DISCUSSION

The design of a composite tailboom-to-fuselage attachtn-nt was Investigated. The

geometry of the joint and the load levels correspond to those of the YH-64 hel-

icopter. The test specimen was designed to withstand the maximum static loads

experienced by the metal tailboom (crashworthiness conditlon). Fatigue endurance

i, I imits (E.L.) were then determined.

)I

r".
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A 0
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e-6N~ 711'a, A . Pi___

PAHcdV .AIV A/ 4

Wee-.. - -c VI-4

W-/ 29vo -. 32/4.-

61 PVg-x39

#25- -,25 Ir '

Aa .s- - 3/

249



REPORT TITLE REPORT NO.

PREPARED Y j, " CHICKEOSY MODEL NO.

SUBECT 7-z C -r E.e- 7- / A A/ I-

i"" /2.83~ '-

Ao 4, - oc, 6s
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REPORT TITLE REPORT NO.

PREPARED BY CHEfCKED BY *MODEL ND

SUBJECT T

so

06.

94. 1 11 I'll"I1

No 0' CIM

FR0 3-S N"ZseA..p

Notes

1. s The maximum fatigue stress S to normalized with respect to the

static strength 2..

Z.. Test material was unidirectional graphite/epoxy T300/5206 with a

nominal fiber content of 70 percent by volume.

3., Stress Ratio --.10

Review of the curve above Indicates that the allowable maximum fatigue

stress can be taken as 60 percent of the ultimate static strength (for a

stress ratioV .10).

tA /

r 9: , T .. t ' f 5. 1!,, ,14 4e't 4. U11 cc," relleo 1'r a30f .,?0

r. 'he 1/051
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REPORT TITLE REPORT NO.
Advanced! CnCptA for Comosite Aoints and FittingsPREPARED BY CHECKED BY MODEL NO.

APC 9/2/80
SUBJECT

Composite Joint Test Section D

DISCUSSION

The design of a composite vertical stabilizer/tail rotor gearbox attachment for

the YAII-64 helicopter was investigated. The test specimen was designed to meet

the static load requirements of the metal veitical stabilizer (blade strike con-

dition), Fatigue endurance limits (E.L.) were then determined.
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PREPARED BY j ?C K5BY MODEL NO

SUBJC ( ~ ~ ~

CP~, vwt 2051C.1 T4 5,1'

sbcl F,//0,; o mpos;/ I ,, it7,. ,y,

Estimated
Room Teperature Allowable

SAlter nating stress

YM- 1000 Adheoi.ve

A n stress Ratio: 0.10

Adherendi 2024 T-3
Clad Aluminum

Cures 2 HOurs 35o0 F

Length of Lap Alt. Stress Stress Cycles

' Alt. v

.50 'in. 241 psi 107

1.00 in. 190 psi 107

S4.00 In. 109 psi 107

.srr.fs 6r - 1. lap-J ,o-t Ie,,( (f5.
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REPORT TITLE REPORT NO.
Advanced Concepts for Comosite Joints and Fittings

PREPARED BY CHECKED BY MODEL NO.
APC 9/2180

SUBJECT
YAII-64 Upper Co-Pilots Seat Fitting

DISCUSSION

A composite seat attachment fitting was designed to investigate the feasability

of tabricating such a part using advaiiced composite materials. The fitting was

designed for the YAH-64 loads (crashworthiuess.'condition).
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